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INTRODUCTION 
Weaning weights are economically important to the cow 
calf producer. To improve weaning weights of beef cattle and 
to develop a genetically superior cow herd, the producer needs 
to know the degree to which observed differences in weaning 
weights are genetic. Weaning weights of calves are influenced 
by many environmental effects which obscure the genetic dif­
ferences. In order to better estimate the genetic dif­
ferences between calves, the environmental differences need 
to be removed or controlled. Environmental effects such as 
sex, age of dam, season of birth and creep feeding influence 
weaning weights. Some of these influences can be adjusted 
statistically and others can be controlled environmentally. 
Statistical adjustment enables the breeder to compare all 
animals on an equal basis assuming that the adjustment has 
been proper in equalizing the means and the variances. Thus, 
the breeder will improve the effectiveness of selection with 
an adjustment that minimizes the environmental influences. 
The purposes of this study are: 1) to investigate the 
influence of management, sex and age of dam upon 205 day 
weaning weights of Angus beef cattle in all areas of the 
United States; 2) to investigate the influence of two factor 
interactions among these factors; and 3) to derive correction 
factors that statistically equalize the means and variances 
of the weights. 
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REVIEW OF LITERATURE 
Weaning weights of beef cattle are influenced by many 
environmental factors. Environmental factors such as herd, 
contemporary group, region, age of dam, sex and management 
reduce the effectiveness of selection. The effect of some of 
these factors has been well-documented. Petty and Cartwright 
(1966) give a detailed review of the influence of age of 
dcun and sex. The literature reports are reviewed by region 
so that regional differences may be examined. 
Age of Dam 
Petty and Cartwright (1966) in their summary of 15 
research projects conclude that weaning weight increases with 
increasing age of dam until about 6 years of age. At this 
point, weaning weight plateaus until 8 years of age. Then 
there is a decline in production after 9 years of age which 
varies considerably from one data set to another. The average 
constant estimates are -64, -41, -22, -7, 0, 1, 1 for the 2 
through 8 year old cows, respectively. 
In the Northeast, Cunningham and Henderson (1965) studied 
preweaning average daily gain on Angus and Herefords in the 
state of New York. Their results indicate that gain increases 
with increasing age of dam until 7 years of age, and then a 
plateau in production is present from 7 to 10 years of age. 
3 
Cows which are 11 years and older show a slight decline in 
production as indicated in Table 1. Schaeffer and Wilton 
(1974a) studied 94,629 preweaning average daily gain records 
from Angus and Hereford calves in Canada. After summarizing 
their least squares subclass means, the data shows a similar 
trend as the New York study. Average daily gain increases 
with increasing age of dam and shows a slight decline at 9 
years of age and older. 
In the Southeast Marlowe and Gaines (1958), Marlowe (1962) 
and Marlowe et al. (1965) analyzed different sets of per­
formance records for preweaning average daily gain on Angus 
and Hereford calves in Virginia. Their results are sum­
marized in Table 1. The constants are similar to the New 
York study and preweaning average daily gain increases with 
increasing age of dam until about 7 years of age, plateaus 
for one to three years and then shows a slight decline with 
increasing age after 9 years of age. Lehmann et al. (1961) 
using Virginia data concludes that weaning weight increases 
with increasing age of dam until 6 years of age. There is no 
plateau in this study, but rather a decline from 7 to 12 years 
of age. The two year old constant is -78 and the 12 year old 
constant is -54 pounds. The two constants represent the 
amount of increase and decrease, respectively, in weaning 
weight. 
Warren et al. (1965) studied 28,493 weaning weight 
Table 1. Summary of effects of age of dam on weaning weight 
Region Reference 
a 
State Breed 
No. of 
obs. 2 3 4 5 
Age of dam 
6 7 8 9 10 11 12 
NE^ Cunningham and N.Y. A 3,190 -. 26 -.16 -.07 -.04 -.02 0.0 0.0 0.0 0.0 -.03 -.03^ 
Henderson (1965)^ H 1,648 -.26 -.19 -.08 -.03 -.01 0.0 0.0 0.0 0.0 -.02 -.02® 
Schaeffer and Can. A 25,571 -.10 -.05 -.02 -.01 -.01 0.0 0.0 0.0 0.0 0.0 0.0^ 
Wilton (1974a) H 69,058 -.13 — .08 -.04 -.02 0.0 0.0 0.0 -.01 -.01 -.01 -.01° 
SE^ Marlowe and Virg. M-NC 4,166 -.30 -.17 -.11 —. 08 -.04 0.0 —. 06 -.01 -.07 -.07 -.07 
Gaines (1958)'' M-C 2,007 -.25 -.17 -.07 -.05 -.09 0.0 .04 .03 -.04 -.04 -.04 
Marlowe (1962)^ Virg. M 20,057 -.29 -.16 -.12 -.05 -.03 0.0 0.0 .01 .01 -.02 -.04 
Marlowe et al. Virg. A 15,498 — .18 -.10 — .06 -.03 -.02 0.0 0.0 -.01 -.01 -.01 -.05 
(1965)^ H 9,016 -.23 -.11 -.07 -.03 0.0 0.0 0.0 .01 -.01 0.0 -.05 
Lehmann et al. 
nqfinf Virg. M 1,987 -78 -46 -26 -13 0 -14 -13 -24 -24 -35 -54 
^A=Angus, H=Hereford, M=mixed, NC=noncreep fed, C=creep fed, B=bulls, S=steers, 
H=heifers. 
^NE=Northeast, SE«=Southeast, MW=Midwest, SW=Southwest, GP=Great Plains, P»Pacific. 
^east squares constants for preweaning average daily gain in pounds. 
'^Constant includes that age of dam and older. 
^Adapted from least squares subclass means for preweaning average daily gain in kilograms. 
^Least squares constants for weaning weight in pounds. 
Table 1. (continued) 
^ No. of Age of dam 
Region Reference State Breed oba. 2 3 4 5 6 7 8 9 10 11 12 
Warren et al. 
(1965)f Ga. M 28,493 -61 -45 -27 -16 -11 -7 0 -1 -3 -2 -14 
Koger et al. 
(1962)f Fla. M 4,729 —66 -35 -19 0 0 0 0 0 0 0 2 
Brown (1960)^ Ark. H 
A 
A 
253 
277 
252 
-30 
-11 
-74 
-35 
2 
—48 
-14 
10 
-18 
13 
6 
-32 
0 
0 
0 
26 
34 
-11 
-29 
33 
6 
18 
29 
-20 
Swiger (1961)^ Ohio H 748 -102 -83 -57 -9 -9 0 0 0 0 0 0 
Evans et al. 
(1955)f 111. H 1,737 -106 -54 -20 0 0 0 0 -14 -13 -13 -13 
Sellers et al. 
(1970)f 
Iowa M-B 
M-S 
M-H 
6,467 
3,425 
10,015 
—60 
-51 
-38 
-45 
-27 
-29 
-21 
-9 
-9 
-21 
-9 
-9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-24 
-4 
-6 
Cardelllno and 
Frahm (1971)® 
Okla. H 
A 
404 
822 
-38 
-27 
-17 
-15 
-2 
-4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Cundiff et al. 
(1966a)f Okla. M 13,937 -56^ -31^ -17 -11 -5 -2 0 0 -2 -2 -6 
Pahnish et al. 
(1961)f 
Ariz. H-B 
H-H 
329 
322 
-50 
-24 
-25 
-12 
0 
0 
0 
0 
0 
0 
0 
0 
-25 
-12 
-25 
-12 
-25 
-12 
-25 
-12 
^east squares constants for weaning weight in kilograms. 
^Average of multiple subclasses within age of dam group. 
Table 1. (continued) 
Region Reference State Breed^ 
No. of 
obs. 2 3 4 5 
Age of dam 
6 7 8 9 10 11 12 
GP^ Swlger et al. 
(1962)f 
Neb. H 
A 
2,092 
647 
—48 
-25 
-25 
—18 
-3 
8 
8 
5 
16 
9 
14 
12 
23 
1 
16 
9 
0 
-1 
0 
-1 
0 
-1 
Minyard and , 
Dinkel (1960) S.D. M 2,351 -69 -33 -21 -13 -4 -3 0 -9 -23 -24 -38 
Koch and Clark 
(1955)f Mont. H 5,452 -41 —18 -6 0 -3 —6 -12 -24 
Brinks et al. 
(1962)f Mont. H 1,029 -30 -17 -5 0 1 3 1 -5 
Harwin et al. 
(1966)® Colo. H 1,627 -28 -13 -7 0 0 0 0 -7 4 4 4 
Llnton et al. 
(1968)® Wyo. H 4,770 -15 -15 -4 0 0 0 0 -3 -3 -10 
Burgess et al. 
(1954)f Colo. H 546 -36 —16 -16 —16 0 0 0 -31 -31 -31 -31 
Hamann et al. 
(1963)f Kan. A 1,861 —64 -22 -1 4 23 27 32 
Rollins and ^ 
Guillbert (1954) Calif H 159 -26 —18 -11 -6 0 0 0 0 -4 —8 -14 
m 
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records in Georgia. The study shows that weaning weight 
increases with increasing age of dam until 8 years of age, 
then plateaus for four years and then production shows a 
slight decline at 12 years of age. Roger et al. (1962) using 
weaning weight records from Florida calves concludes that 
weaning weight increases with increasing age of dam until 5 
years of age. Cow production then plateaus from 5 to 11 
years of age. Brown (1960) with weaning weight data from 
Angus and Hereford cows in Arkansas shows an increase in 
weaning weights with increasing age of dam until 6 to 8 years 
of age. A decline in production is not present in this 
study. 
In the Midwest, Swiger (1961) analyzed Hereford weaning 
weights from Ohio and shows that weaning weights increase 
with increasing age of dam until 8 years of age and then 
production plateaus from 8 through 12 years of age. Evans 
et al. (1955) in their Illinois study of weaning weights on 
Hereford calves indicate an increase in weaning weight until 
5 years of age, a plateau from 5 to 8 years of age and a 
decline in the 9 to 12 year old group of cows. Sellers et al. 
(1970) in their Iowa study of Hereford and Angus weaning weight 
records from 19,905 calves found that weaning weights increase 
with increasing age of dam until 6 years of age and then 
plateau from 6 through 11 years of age with no decline in 
production until 12 years of age. These constants are listed 
8 
in Table 1. 
In the Southwest, Cardellino and Frahm (1971) using 
weaning weight records of Angus and Hereford calves from 
Oklahoma show that weaning weight increases with increasing 
age of dam until 5 years of age and then plateaus from 5 
through 9 years of age. The study of Cundiff et al. (1966a) 
in Oklahoma using 13,937 Hereford and Angus weaning weight 
records conclude that weaning weights increase with increasing 
age of dam until about 6 years of age and from 6 through 13 
years of age there is a plateau in production. Pahnish et al. 
(1961) using Hereford data from Arizona report an increase in 
weaning weight with increasing age of dam until 5 years of 
age, a plateau from 5 through 8 years of age and a decline 
in the 9 years old and older cows. 
In the Pacific region, Rollins and Guilbert (1954) studied 
weaning weight records of Hereford calves from California. 
They report an increase in weaning weights with increasing age 
of dam until 6 years of age, a plateau from 6 through 9 years 
of age and a decline with cows 10 years of age and older. 
In the Great Plains region, Swiger et al. (1962) analyzed 
Angus and Hereford weaning weight records from Nebraska. The 
Hereford data shows an increase in weaning weights with 
increasing age of dam until 6 years of age, a general plateau 
from 6 through 9 years of age and a decline with cows 10 years 
of age and older. The Angus cows show an increase in weaning 
9 
weights until 4 years of age, a plateau from 4 through 9 years 
of age and a decline with cows 10 years of age and older. 
Minyard and Dinkel (1960) with Hereford and Angus weaning 
weight records from South Dakota report an increase in 
weaning weights with increasing age of dam until 8 years of 
age and a decline from 9 through 12 years of age. Koch and 
Clark (1955) studied 5,952 Hereford weaning weight records 
from Montana and found that weaning weight increases until 6 
years of age with a decline after 7 years of age. Brinks et 
al. (1962) also using Montana Hereford data report an increase 
in weaning weights until 6 years of age, a plateau from 6 
through 9 years of age and a decline thereafter. Harwin et 
al. (1966) using Hereford data collected in Colorado observe 
that weaning weights increase with increasing age of dam 
until 5 years of age, plateau from 5 through 8 years of age, 
decrease at 9 years of age and increase at 12 and 13 years of 
age. Linton et al. (1968) studied 4,770 Hereford calves in 
t^oming and report an increase in weaning weights with 
increasing age of dam until 6 years of age, a plateau from 
6 through 8 years of age and a decline thereafter. Burgess 
et al. (1954) in their Colorado study of Hereford calves 
conclude that weaning weights increase until 6 years of age, 
plateau from 6 through 8 years of age and then decline with 
older cows. Heunann et al. (1963) in their Kansas study of 
Angus calves report increases in weaning weights until cows 
10 
are 8 years of age. 
The data results of the above studies are summarized in 
Teible 1 by region of origin. There are some regional dif­
ferences in these research reports. However, these dif­
ferences are not all consistent. The Midwest, Oklahoma, 
Kansas, Arkansas, Georgia and Florida reports all show a 
marked increase in weaning weight with increasing age of dcun 
until cU)Out 7 years of age, a plateau in production over the 
next four years and very small decreases in production in 
later years. These regions represent areas of moderate to 
high rainfall. Brinks et al. (1962) in Montana and Harwin 
et al. (1966) in Colorado also report the same effect with no 
decline in production in older cows in areas of lesser rain­
fall. In contrast to this, Koch and Clark (1955), Minyard 
and Dinkel (1960) and Burgess et al. (1954) from Montana, 
South Dakota and Colorado respectively report increases in 
weaning weights with increasing age of dam until about 6 years 
of age, a plateau for three years and a large decline there­
after in tlie séune areas of low to moderate rainfall. Large 
declines were also recorded after maximum production is 
reached in the Arizona and California studies. These two 
reports are from semi-arid regions. Moderate declines in 
weaning weight after maximum production is reached are reported 
by researchers in the Great Plains (Linton et al. (1968), Swi-
ger et al. (1962)), in the Southeast (Marlowe and Gaines (1958), 
11 
Marlowe (1962), Marlowe et al. (1965)), in the Northeast 
(Cunningham and Henderson (1965)) and in Canada (Schaeffer 
and Wilton (1974a)). 
The literature reports indicate that interactions between 
age of dam and other factors are not common. Pahnish et al. 
(1961) report a significant interaction between age of dam 
and sex with Hereford calves raised in Arizona that are 
weaned at 270 days. Schaeffer and Wilton (1974a) also found 
a significant interaction between age of dam and sex for pre-
weaning average daily gain in their Canadian study. Sellers 
et al. (1970) also report a significant age of dam by sex 
interaction indicating that different age of dam adjustments 
are appropriate for each sex. However, Cundiff et al. (1966a), 
Cardellino and Frahm (1971), Cunningham and Henderson (1965) 
and Koch and Clark (1955) indicate that the interaction 
between age of dam and sex is not significant. Cundiff et 
al. (1966a) in their Oklahoma study conclude that age of dam 
does not interact with sex, creep, season or region. 
These reports indicate that weaning weights increase with 
increasing age of dam until approximately 6 years of age. 
Then, there is a plateau in production in most regions through 
8 years of age. The decline in production after 8 years of 
age varies and may depend upon climatological or regional 
differences. The interaction between age of dam and sex may 
also be important. 
12 
Sex 
The influence of sex on weaning weight is well-documented 
in the literature. However, the sex effects shows consider­
able variation as influenced by age at weaning, age at 
castration and randomness of castration. The summary of 
Petty and Cartwright (1966) includes only data where males 
are not castrated or are castrated randomly. They report 
an additive difference of 0, -12, and -38 pounds for bulls, 
steers and heifers respectively from twelve research projects. 
The corresponding multiplicative adjustments from the same 
report are 1.00, 1.02 and 1.08 for bulls, steers and heifers 
respectively. Guilbert and Gregory (1952) and Roger et al. 
(1962) report that the differences between males and females 
increase as calves get older. Thus, the following reports 
will include only data which is adjusted to 200 to 210 days 
unless otherwise specified because the records in this study 
are adjusted to 205 days. 
The studies that include bulls, steers and heifers in 
tlieir analysis, report that bulls wean heavier than heifers 
and that steers are intermediate between bulls and heifers. 
Warren et al. (1965) with 28,493 Georgia weaning weight 
records on mixed breeds report constants of 23, -20 and -3 
pounds for bulls, heifers and steers respectively. Cundiff 
et al. (1966a) also report constants on the three sexes from 
13 
13,937 Oklahoma records. The bull, heifer and steer constants 
are 33.4, -22.4 and -11.0 pounds respectively. Burgess et al. 
(1954) with Colorado data report constants of 14, -8, and -6 
pounds on bulls, heifers and steers respectively. However, 
these three reports use data that has the effect of castration 
confounded with the effect of selection. The reports of Evans 
et al. (1955) and Brinks et al. (1961) avoid this confounding 
by observing two different groups, one group with all of the 
males castrated and the other group with none of the males 
castrated. The Illinois study of Evans et al. (1955) and the 
Montana study of Brinks et al. (1961) report constants of 22, 
0 and 17 and 24, 0 and 21 pounds for bulls, heifers and steers 
respectively. The Montana study recorded weaning weights at 
180 days. These two reports indicate that the difference 
between bulls and steers is small in contrast to other studies 
involving the three sexes. The large differences of 26, 44 
and 20 pounds between bulls and steers as reported by Warren 
et al. (1965), Cundiff et al. (1966a) and Burgess et al. 
(1954) respectively could be attributed to the effect of 
selection if slower growing animals are castrated. The dif­
ferences between bulls and steers are 5 and 3 pounds as 
reported by Evans et al. (1955) and Brinks et al. (1961) 
respectively, when there is no selection practiced. 
In the Great Plains area many of the studies involved 
only bulls and heifers. Constant differences between bulls 
and heifers of 34, 26.2, 20.6 and 21.1 pounds are reported by 
14 
Minyard and Dinkel (1960), Koch and Clark (1955), Harwin 
et al. (1966) and Linton et al. (1968). Hamann et al. (1963) 
report a 40 pound difference between steers and heifers in 
Kansas. 
Brown (1960) in Arkansas reports 57, 33 and 22 pound 
differences between bulls and heifers for Hereford, Angus and 
Angus herds. Lehmann et al. (1961) in Virginia report 41 
pounds, Swiger (1961) in Ohio reports 45 pounds and Rollins 
and Guilbert (1954) in California report 68 pounds as the 
difference between bulls and heifers. 
Data reports analyzing preweaning average daily gain 
indicate that steer constants are approximately midpoint to 
bull and heifer constants from Taible 2 (Cunningham and 
Henderson (1965), Marlowe and Gaines (1958) and Marlowe et al. 
(1965)). 
The reports indicate that the interaction between sex 
and creep is the most prevalent interaction influencing 
weaning weight (Schaeffer and Wilton (1974a), Cundiff et al. 
(1966a), Rhodes et al. (1970), Sellers et al. (1970) and 
Srinivasan and Martin (1970)). However, Marlowe and Gaines 
(1958) and Cunningham euid Henderson (1965) found the sex by 
creep interaction to be nonsignificant in their studies. The 
reports also indicate that the interaction between sex and 
age of dam may be significant. 
Research reports indicate that weaning weights of bulls 
Table 2. Summary of effects of sex on weaning weight 
Region Reference State Breed 
No. of 
observations Bull 
Sex 
Heifer Steer 
Northeast Cunningham and . 
Henderson (196 5) 
N.Y. A 
H 
3,190 
1,648 
0.11 
0.00 
-0.14 
-0.11 
o
 o
 
o
 o
 
Schaeffer and 
Wilton (1974a)^ 
Can. A 
H 
25,571 
69,058 
0.09 
0.08 
0.0 
0.0 — —  —  
Southeast Marlowe and . 
Gaines (1958) 
Virg. M-NC 
M-C 
4,166 
2,007 
0.07 
0.10 
-0.12 
-0.13 
0.0 
0.0 
Marlowe et al. 
(1965)^ 
Virg. A-NC 
H-NC 
A-NC 
H-C 
14,157 
8,860 
3,137 
8,860 
0.11 
0.00 
0.14 
0.19 
-0.11 
-0.10 
-0.12 
-0.09 
0.0 
0.0 
0.0 
0.0 
Lehmann et al. Virg. M 1,987 35 -6 0 
= Angus, H = Hereford, M = Mixed, NC = Noncreep fed, C = Creep fed. 
Least squares constants for preweaning average daily gain in pounds. 
^Constants adapted from least squares subclass means for preweaning average 
daily gain in kilograms. 
^Least squares constants for weaning weight in pounds. 
Table 2. (continued) 
Region Reference State Breed® observations Bull Heifer Steer 
No. of Sex 
Southeast Warren et al. 
(1965)^ 
Brown (1960)^ 
Ga • M 
Ark. H 
A 
A 
28,493 
253 
277 
209 
23 -20 
57 
33 
22 
0 
0 
0 
-3 
Midwest Swiger (1961) 
Evans et al. 
(1955)° 
Ohio 
111. 
H 
H 
748 
1,737 
45 
22 0 
0 17 
Southwest Cundiff et al. 
(1966a)d 
Ok la. xM 13,937 33 -22 -11 
Great 
Plains 
Swiger et al. 
(1962)® 
Minyard and , 
Dinkel (1960)° 
Koch and Clark 
(1955)d 
Neb. 
S.D. 
Mont. 
M 
M 
H 
2,739 
2,351 
5,952 
0.95 1.0 0.94 
34 
26 
0 . 0  
0 . 0  
'Ratio for least squares mean of weaning weight using heifer mean as divisor. 
'Least squares constant represents both bulls and steers. 
Tcû3le 2. (continued) 
Region Reference 
No. of Sex 
State Breed observations Bull Heifer Steer 
Great 
Plains 
Pacific 
Harwin et al. 
(1966)d 
Linton et al. 
(1968)d 
Burgess et al. 
(1954)d 
Hamann et al. 
(1963)d 
Brinks et al. 
(1961)d 
Rollins and 
Guilbert 
(1954)d 
Colo. 
wyo. 
Colo. 
Kan. 
Mont. 
Calif. 
H 
H 
H 
H 
H 
H 
1,627 
4,770 
546 
1,861 
4,432 
675 
159 
10 
10 
14 
24 
68 
-10 
-11 
-8 
-20 
0 
0 
-6 
20 
21 
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are greater than weaning weights of heifers and that weaning 
weights of steers are intermediate between bulls and heifers. 
Some researchers report that the difference between bulls and 
steers is smaller than that between steers and heifers, 
while others indicate that steers are intermediate to bulls 
and heifers. This discrepancy may be due in part to the 
effect of selection for growth at the time of castration of 
bulls. 
Management 
The differences that have been observed in weaning weight 
of creep fed and noncreep fed calves vary considerably. 
Cundiff et al. (1966a) conclude that the effect of creep is 
dependent upon the eunount and quality of forage available, 
the levels of supplementation and the composition of the 
creep ration. 
Cundiff et al. (1966a) and Srinivasan and Martin (1970) 
report that creep feeding increases weaning weights by 28 and 
31 pounds respectively. Sellers et al. (1970) report that 
creep feeding increases weaning weights 64, 38 and 35 pounds 
for bulls, heifers and steers indicating a differential re­
sponse to creep feeding. Marlowe and Gaines (1958) and Marlowe 
et al. (1965) (Table 2) report that bull calves grow faster 
than heifers when creep fed as did Schaeffer and Wilton (1974a) 
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in Canada and Rhodes et al. (1970) in Georgia. 
Thus, management as reported in the literature, has a 
significant influence upon weaning weight but varies 
depending upon the environmental conditions. The research 
reports also indicate a differential response of sex to 
creep feeding. 
Selection 
Selection introduces biases into age correction factors 
and into sex correction factors. Lush and Shrode (1950) 
have shown how biases exist in age correction factors and 
they outlined two methods of obtaining age correction factors. 
Method A averages all records made at each age and Method B 
compares only records made by the same cows at two successive 
ages. Because of selection, each method may be biased from 
the true age effect and thus the two biases are in opposite 
directions. Using Method A, the age of dam estimates are 
biased downward slightly in the younger age groups and up­
ward slightly in the older age groups due to selection for 
cow productivity, Koch and Clark (1955) evaluated the bias 
in age of dam estimates using the two methods described by 
Lush and Shrode (1950). The best estimate of the age of dam 
effect was obtained by combining the information from Method 
A and Method B. Their results indicate that comparing averages 
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of all records made at each age of deun would result in a 
slight over correction in younger cows and an under correction 
in older cows because some cows are culled at each age. 
However, the magnitude of the bias is small. Minyard and 
Dinkel (1960) also applied these two methods and found the 
bias to be small in Angus and Hereford data from South Dakota. 
Marlowe et al. (1965) applied the two methods to 15,436 calves 
in Virginia and both procedures gave essentially the same 
results. Thus, age of dam estimates were not adjusted for 
the effect of selection. 
Henderson et al. (1959) and Henderson (1975) presented 
methods to obtain unbiased estimates of the fixed and the 
random effects when the data arises from breeders' herds 
which are undergoing selection. 
Schaeffer and Wilton (1974a) applied a statistical 
method to the mixed model to remove the selection differences 
between cows that had more than one calf"and- those with only 
one. Selection differences were eliminated by including cow 
effects in the model. They assumed that cows were random 
effects and that the variance of cow differences was the 
same from herd to herd. Chyr (1975) applied a different 
statistical technique to consider selection eimong dairy cows 
using the mixed model. 
Researchers have reported that there are discrepancies in 
bull and steer weaning weights relative to heifers because 
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the effect of castration in males is confounded with the 
effect of selection for growth at the time of castration 
of bulls. The differences between bulls and steers, and 
bulls and heifers will be biased upward and tlie difference 
between steers and heifers will be biased downward. This 
selection bias can be removed by castrating at random or by 
castrating all or none of the males. 
Selection bias can be removed from age of dam correction 
factors by a number of statistical procedures and can be 
removed from sex correction factors most easily by controlling 
castration procedures. 
Adjustment Factors 
There are two types of correction factors, additive and 
multiplicative, that can be used to statistically equalize 
the differences among calves (Koch et al. (1959), Brinks et 
al. (1961), Cundiff et al. (1966b) and Schaeffer and Wilton 
(1974b)). The additive and multiplicative correction factors 
both equalize means between adjusted groups. However, their 
effect on the variances differ. The ideal correction factor 
not only equalizes the means but also equalizes the variances. 
Adding a constant does not alter the variance and so, additive 
adjustments are most appropriate when the standard deviations 
are equal. Multiplicative corrections raise or lower the 
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variance in proportion to the square of the correction. 
There have been several recommendations in the literature 
for the appropriate type of adjustment. For age of dam, 
Koch et al. (1959), Brinks et al. (1961) and Cundiff et al. 
(1966b) suggest that an additive adjustment is appropriate. 
They also suggest that a multiplicative adjustment is more 
appropriate for the effect of sex. Cundiff et al. (1966b) 
recommend an additive adjustment for the creep effect and 
found that the multiplicative correction to adjust for sex 
accounts for sex and the sex by creep interaction simul­
taneously. Schaeffer and Wilton (1974b) analyzed preweaning 
average daily gain data and recommend that an additive 
adjustment is the most practical for age-sex-creep subclasses. 
Mixed Models 
Models where some of the effects arc fixed and some are 
random are called mixed models. The situation to which a 
model applies is the deciding factor in determining whether 
the effects of a factor are fixed or random. When inferences 
are going to be confined to the effects in the model the 
effects are considered fixed; and when inferences will be 
made about a population of effects from which those in the 
data are considered to be a random sample then the effects 
are considered random (Searle, 1971, p. 383). 
23 
Henderson (1973) discusses the types o£ selection 
problems that occur with fixed, random and mixed models. 
Henderson (1949) describes the mixed model and Henderson 
(1963) confirms that the random variables have selection 
index properties and are best linear unbiased predictors 
(BLUP) and that the fixed variables have generalized least 
squares properties and are best linear unbiased estimators 
(BLUE). 
The general mixed model is: 
y = xe + Zy + e , 
where 
y = the observation vector, nxl, 
X = a known, fixed, nxp matrix with rank = r 5 min 
(n,p), 
S = an unknown, fixed vector, 
Z = a known, nxq, fixed matrix, 
U = a nonobservable random vector with null mean and 
V(y) = GOg, 
e = a nonobservcUale random vector with null mean and 
V(e) = ROg. 
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The variance of y is: 
V(y) = V (X3 + Zw + e) 
= V (X0) + V (Zw) + V (e) 
= Z v(v) z' + V (e) 
= (ZGZ' + R) Og 
G and R are known and u and e are independent. When 
(y, e) are normally distributed, the joint density of (y, u) 
is maximized for variations in 3 and u by the solution to the 
following equations: 
X'R~^X 
Z'r"^X 
X'R'^Z 
z'R"^Z+G"^ 
3 X'PT^Y 
_ 0 _  _Z'R~^ 
When R = I, the mixed model can be rewritten: 
X'X 
Z'X 
X'Z 
Z'Z + RG -1 
X'Y 
Z'Y 
Henderson (1963) shows that the solution 0 has selection 
index properties and that 3 has generalized least squares 
properties. The mixed model methods assume that 3 is unknown 
but that the required variances and covariances are known. 
Often, good estimates of the variances and covariances are 
known from previous studies. 
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DATA DESCRIPTION 
The data are 499,894 records from the American Angus 
Association with the following restrictions: 
- weaning weight records, 
- age of dam between 22 and 225 months, 
- age of weaning between 160 and 250 days, 
- herds must have 15 or more records, 
- removal of all steer data and any bull data 
that is confounded with steer data, 
- records from continental U.S.A. 
There are 358,237 weaning weight records meeting this 
criteria. The data are from 1995 herds from the 48 states 
in the continental U.S.A. These records were collected as 
part of the Angus Herd Improvement Records (AHIR) program 
over a 27 year period, 1950-1976, inclusive. Only the weaning 
weight records between 160 and 205 days of age are used in 
this study. The weaning weights are adjusted to 205 days of 
age by using the calf's own average daily gain from birth to 
weaning and adding in the calf's birth weight. Birth weights 
are either actual or assigned as 60 pounds. This method of 
adjustment assumes linear growth from birth to weaning. 
Swiger et al. (1962) adjusted Hereford calves to 205 days of 
age using this method and reports a correlation of 0.99 
between this simple method and a more complex method v^ich 
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assumes nonlinear!ty. Johnson and Dinkel (1951) and 
Cunningham and Henderson (1965) also conclude that this 
linear type of adjustment is a good adjustment. 
The data represents year around calving and is classified 
as creep fed and noncreep fed. Within a herd, the data are 
separated into contemporary groups. Each contemporary group 
represents a group of calves within a year which are subject 
to similar environmental conditions. These contemporary 
groups contain the year-season effects within the herd and 
also contain any time trends which may exist. The data are 
also divided into six geographic regions. Each geographic 
region (Figure 1) reflects differences in beef cow manage­
ment, soil types and weather. Tlie states included are: 
Northeast: Connecticut, Maine, Massachusetts, New 
Hampshire, New Jersey, New York, 
Pennsylvania, Rhode Island, Vermont, 
Southeast: Alabama, Arkansas, Delaware, Florida, 
Georgia, Kentucky, Louisiana, Maryland, 
Mississippi, North Carolina, South 
Carolina, Tennessee, Virginia, West 
Virginia, 
Midwest: Illinois, Indiana, Iowa, Michigan, 
Minnesota, Missouri, Ohio, Wisconsin, 
Southwest: Arizona, New Mexico, Oklahoma, Texas, 
Great Colorado, Kansas, Montana, Nebraska, 
Plains: North Dakota, South Dakota, Wyoming, 
Pacific: California, Idaho, Nevada, Oregon, 
Washington, Utah. 
These regions reflect rather general differences. The 
GREAT 
PLAINS PACIFIC 
MIDWEST 
SOUTHWEST SOUTHEAST 
Figure 1. Six geographic regions of the United States 
28 
Northeast is slightly rough in topography. Average annual 
rainfall for the region is about 40 inches and this is well 
distributed. There is a wide range of temperatures and 
the climate of the Northeast is generally favorable for 
growing forage grasses and legumes. The Southeast is humid 
and some areas may have 50 inches of rainfall or more. 
Temperatures are high in the summer and insects can be a 
problem in the lower south. In the lower south, mild winters 
are conducive to year round grazing, while in the upper 
south, little forage is produced in December, January and 
February. The topography is varied and includes sandy 
coastal plains, the Piedmont with mostly clay soils, the 
mountainous Appalachian and the river bottomlands and up­
lands. The Midwest represents an area which contains 50 
percent of the Class I land in the U.S. Corn and soybeans 
are the major crops of the Midwest. The annual rainfall is 
about 20 inches in northwestern Minnesota, increasing to 45 
inches in southeastern Missouri and in lower Ohio. The 
average freeze-free summer period is from 100 days in northern 
Minnesota to 190 in the southern part of the area. The 
topography varies from rolling to flat, in the Southwest, 
rainfall is erratic and ranges from 20 to 30 inches annually 
in the eastern part to less than 10 inches in parts of New 
Mexico and Arizona. The area is characterized by high winds, 
high rates of evaporation and transpiration, high summer 
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temperatures and mild winters. The terrain is also variable 
with undulating plains, desert areas and foothills. The Great 
Plains region is semiarid and precipitation and temperature 
are the limiting factors. The average rainfall is 26 inches 
along the eastern border amd decreases to as low as 10 
inches in the west. The range in length of growing season is 
from 160 days in the southeast to 110 days in the northwest. 
The Pacific region is an area of extremes. The elevation 
ranges from sealevel to 13,000 feet and there is a wide 
variety of soils. Rainfall is also very variable. Drought 
periods are common. 
The data distribution is presented in Table 3 and the 
arithmetic means, standard deviations and coefficients of 
variation are presented in TaUale 4. The majority of the 
data records are from the Midwest, Great Plains and Southwest. 
The arithmetic means are very similar with the exception of 
the Southeast mean which is 17 pounds lower than the overall 
mean. The overall arithmetic mean is 423 pounds, the 
standard deviation is 69 pounds and the coefficient of 
variation is 16. There are a total of 358,237 records from 
187,136 cows and 18,803 contemporary groups within 1,995 
herds. The number of contemporary groups within each herd is 
summarized in Table 5. Ninety-five percent of the herds have 
less than 30 contemporary groups and one herd contains 115 
Table 3. Distribution of records, cows, groups and herds 
by region 
No. No. No. No. 
. Region Records Cows Groups Herds 
Northeast 12,855 7,756 1,019 91 
Southeast 36,890 21,363 2,819 290 
Midwest 84,385 44,668 5,577 629 
Southwest 51,667 26,025 3,014 220 
Great Plains 140,664 70,111 4,458 544 
Pacific 31,776 17,213 1,916 220 
Overall 358,237 187,136 18,803 1,995 
Têible 4. Arithmetic mean, standard deviation and coefficient 
of variation of weaning weights by region 
Region x s c.v. 
Northeast 425.8 62.1 15 
Southeast 406.0 69.6 17 
Midwest 423.0 70.7 17 
Southwest 423.7 71.7 17 
Great Plains 425.9 66.1 16 
Pacific 423.5 68.8 16 
Overall 422.6 68.8 16 
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Table 5. Distribution of groups per herd by region 
No. Frequency of groups per herd 
Region Herds 1 to 30 31 to 50 51 to 70 71 to 11È 
Northeast 91 86 3 1 1 
Southeast 290 278 9 1 2 
Midwest 629 602 23 3 1 
Southwest 220 197 16 4 3 
Great 
Plains 
545 529 16 0 0 
Pacific 220 211 9 0 0 
Overall 1,995 1,903 76 9 7 
Table 6. Distribution of weaming weight records since 1950 
Year Range No. of Records 
1950 to 1959 575 
1960 to 1964 12,632 
1965 to 1969 71,814 
1970 to 1974 204,636 
1975 to 1976 68,580 
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contemporary groups. The distribution of records by years 
is given in Table 6. Sixty-nine percent of the records 
have been collected since 1970. 
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METHODS AND PROCEDURES 
The linear model chosen for study is: 
^ijklmn * ^  * H * ®Am * °&n ®ijklmn 
where Yj j^g^mnn the record of an individual out of the in^ 
dam and the Im^ contemporary group from the herd of the 
sex raised under the management from the i^^ age of 
dam and 
1J = the overall mean, 
(AMS)^jj^ = the fixed main effects and two way inter­
actions of the i^^ age of dam, the j management 
group and the k^ sex, 
« the random herd effect of the herd, 
= the random contemporary group effect of the m^ 
group within the herd, 
^Zn " random dam effect of the n^ cow within the 
herd and 
®ijklmn * random error. 
The random effects are assumed to have zero expectation 
2 2 2 2 
and variances a, , o , a, and a^. The dam effect and the h g' d e 
group effect are both nested within herds. By fitting cows, 
the data are corrected for any selection that may occur 
between cows that had more than one calf and those with only 
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one since age of dam effects are fit within cows. The group 
effect corrects for the environment which is common to each 
contemporary group and includes year-season effects. Herds, 
groups and dams were considered random because inferences 
are to be made about the population assuming that there is a 
random sample from the herds, groups and deuons. 
The method of analyzing the data has been discussed 
previously in the literature (Henderson, 1963, 1973). The 
mixed model in this case requires that the variances for 
herds, groups, cows and error be known. The true parameter 
values are never known exactly, but estimates in the 
literature are often used. The best variance components to 
use, next to the true population parameters, are those 
estimated from the data. 
Estimates of the variance components are calculated from 
the data using the expected mean squares from the following 
model: 
'ijk " V + h. + + Cik + ®ijk 
This model ignores the fixed effects of the previous model. 
The expected mean squares for this model are: 
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Source d.f. E(M.S.) 
herd h-1 + kgCg + kyOh 
2 2 2 groups:herd gh-h + k^a^ 
2 2 2 COWS:herd dh-h + k.G_ + k-a 
error n-gh-dh+h+1 
e le 2 g 
2 
The k-values are: 
^ n 2 
"i -  "  -1 
kj - z - ï i  ° f j -
^ ik i-k i "i.. 
E _ 2 Z  „  2  
V = z !£-!iâJL - J k"i.k 
^ ij "ij- i "i... 
k, = Z k "j.k _ ik "j.k 
^ i *1.. N 
Z - 2 2 „ 2 
k, = N -
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The variance estimates are considered good approximations. 
The variances are needed to calculate the variance ratios 
(a^/a^, Og/Og and which are added to the diagonal of 
the herd, group and cow equations respectively. This 
augmentation of the diagonal regresses the meems for the 
number of records, the distribution of records and imperfect 
repeatability. Augmenting the diagonal of the herd, group 
and cow equations removes the dependencies that may exist 
between the equations and thus allows for a unique solution 
to be obtained that is unbiased. This is very important in 
this set of equations because contemporary groups are 
nested within creep and noncreep management groups. After 
the diagonals of the group equations are augmented by the 
2 2 
ratio of error to group variance (a^/Og) the dependancies 
between the group and the management equations are removed 
and a unique and unbiased solution exists. 
A general mixed model to illustrate that unique solutions 
exist for the fixed effects when the random equations are 
augmented is: 
y = X3 + Zii + e 
where g is a pxi vector of fixed unknown parameters, y is a 
2 qxl vector of nonobservable random effects, Var (u) = a D, 
2 2 Var (e) = a R, Var (y) = a V and V = R + ZDZ. The equations 
are: 
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x'R"^X 
z'R"^X 
X'R'^Z 
-1 -1 Z'R Z+D 
'B' s 'X'R"^Y 
y Z'R Y 
The coefficient matrix is represented by C and the generalized 
inverse of the partitioned matrices of C is represented by G. 
Rohde (1965) illustrated the generalized inverses of 
partitioned matrices. 
®11 ®12 
®21 ®22 
where GIL - (X'V"^X)" , GI2 -(x'v"^x)" X*R"^Z(Z'R'^Z+D'^)"^ 
-(Z'R"^Z+D"^)"^ Z'R"^X(X'V'^X)' , and 
• B J. /•» "^9? io''^v/V GGG = (Z'R ^Z+D ) + (Z'R "^Z+D ) ^Z'R ^X (X 'V ^X) 
X'R~^Z (Z'R"^Z+D"^)"^ 
Unique solutions exist for 3 cuid y when the coefficient 
matrix (C) is of full rank. Harville (1976) applied this 
proof to the mixed model. It is known that 
V"^ « R'^ - R'^Z(Z'R~^Z+D"^)"^ Z' R'^ 
and it can be shown that 
GC (X'V"^X)" (X'V'^X) <|) 
* 
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as X*R"^X + GJ2 Z'R'^X « 
G^^X'R'lz + Gi2(Z'B"^Z+D"^) -
GgiX'R'lz + GjjCZ'R'^Z+D"^) » 
(X'V"^X)"'(X'R'^X) -
(X'V'^X)' X'R"^Z 
(Z*R'^Z+D'^)'^ Z*R"^X 
(X'V'^X)~ X* (R"^- R'^Z 
(Z'R"^Z+D"^)'^ Z'R'^)X 
(X'v'^X)" (X'V'^X) 
(X'v'^X)" X'R'^Z - (X'v'^X)" 
X•R"^Z(Z•R"^Z+D"^) 
(Z'R'^Z+D'^) 
(X'V"^X)' X'R'^Z - (X'v"^X)" 
x'R'^Z 
* 
-(Z'R'^Z+D"^)"^ Z'R'l 
X(X'V'^X)' X'R'^Z 
+ (z*R'^Z+D"^)"^(Z*R""^Z+D~^) 
+ (Z*R"^Z+D'^)"^ Z*R"^X 
39 
(X'V'^X)' X'R"^Z 
(z'R"^Z+D"^)'^ (Z'R'^Z+D'^) 
« I 
Then the rank (C) = rank (GC) 
» rank I(X'v"^X)~ (X'v"^X)] + rank (I) 
« rank (x'v'^ x) + rank (I) 
* rank (X) + rank (I) 
The rank of X represents the fixed effects segment and the 
rank of I is g which is the number of random effects. 
Assuming that the appropriate restrictions are on X to make 
it full rank, then the complete model is full rank and thus 
unique solutions exist for both the fixed and random effects. 
The mixed model for this study is described in general 
as: 
y « X b + H h + 6 g + D d + e  
where: 
y = a nxl vector of weaning weight records, 
X « a nxk known fixed matrix, 
b * an unknown kxl vector of management-sex-age of 
dam effects, 
H « a nxq known random matrix. 
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h s an unknown qxl vector of herd effects, E(h) = 
V(h) - QGG , 
G = a nxp known random matrix, 
g « an unknown pxl vector of group effects, E(g) = *, 
V(g) = POg , 
D s a nxr known random matrix, 
d = an unknown r*! vector of dam effects, E(d) = 
V(d) = SOG , 
e = a n*! nonobservaJsle random vector, E(e) « *, 
V(e) * Ral - laf . 6 G 
Assume Q, P, S and R are known and H, G, D and e are 
independent. The normal equations to be solved for the 
mixed model estimates are: 
X'R"^X X'R'^H X'R"^G 
H'R"^X H'R"^H+Q"^ H'R"^G 
G'R'^X G*R"^H 
D'R'^X D'R"^H 
6'R"^G+P'^ 
D'R"^G 
X'R"^D 
h'R'^D 
G'R'^D 
D'R D+S 
b X'R"^Y 
h H'R"^Y 
9 G'R'^Y 
L d D'R"^Y 
Assuming that R = I and no correlations between herds, groups 
and cows exist, then the equations can be rewritten as: 
X'X 
H'X 
G'X 
D'X 
X'H X'G 
H'H+RQ'^ H'G 
X'D 
H'D 
G'H 
D'H 
G'G+RP"^ G'D 
D'G D'D+RS -1 
b X'Y 
h H'Y 
g G'Y 
L d D'Y 
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Due to the large number of equations for herds, groups 
and cows, the mixed model equations for the full model can not 
be stored in the memory of a conqputer. Therefore, the fol­
lowing procedure for creating mixed model equations and 
obtaining solutions via absorption is used. The solutions 
to the fixed effects are of primary concern. 
The initial step is to set up the least squares equations 
as if herds, groups and cows are fixed. Before solving these 
equations, the appropriate variance ratios are added to all 
diagonals of the herd, group and cow equations. Adding 
variance ratios to the diagonals provides more accurate 
predictions of herd, group and cow differences than usual 
least squares methods which treat all effects as fixed. 
Thus solutions for fixed effects are improved by these 
assumptions (Schaeffer and Wilton, 1974a). The appropriate 
steps to obtain solutions for the fixed effects are as 
follows: 
STEP 1. Data are sorted by cow within herd. 
STEP 2. Least squares equations for fixed effects, 
for one herd, for group equations within the 
herd and for one cow within the herd are 
collected. 
STEP 3. After one cow equation is collected, the 
ratio of error to cow variances is added to 
the diagonal and the cow equation absorbed 
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into the group, herd and fixed effects 
equations. 
STEP 4. After all cows within a herd have been absorbed, 
the ratio of error to group variances is added 
to the diagonal element of the group equations 
and then absorbed into the herd and fixed 
effect equations. 
STEP 5. Then after the group equations have been 
absorbed, the ratio of error to herd variances 
is added to the diagonal element of the herd 
equation and the herd equation is absorbed 
into the fixed effect equations. 
STEP 6. STEPS 2, 3, 4 and 5 are repeated until all 
herds, groups and cows are processed. 
Absorption is an algebraic or a matrix process whereby 
a set of effects are solved for in terms of the remaining 
effects of the model. Lentz et al. (1969) showed how 
absorption could be accomplished as the absorbed effects 
are read into the computer sequentially. 
By considering data from a single herd, the model can 
be rewritten as: 
yilkl - " + (AWS). + Hi + + «iikt and the 
appropriate matrices are: 
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N 
N, 
N 
N 11. 
N 12 
N Ik 
N 1-1 
N. 1.2 
0 
0 
N 
•1 .  
N 11 N 21 N il 
H'Y = Y 
44 
X'G N 111- N 112 
N Ilk 
N 211 < N 212 N 21k 
^111. N 112 ^ilk-
X'D = N 11.1 N 11.2 N 11.A 
N 21*1 N 21.2 N 21.A 
N il'l ^il.2 ^il.A 
X'Y = 
^i 
H'G = N 11 N 12 
N Ik-
H'D = N.l'l ^•1'2 N. l'A 
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G'D N 111 N 112 
N lit 
N 121 N 122 
N 121  
N. Ikl N U2 
N. Ikl 
G'Y 
•11- 12 Ik' 
D'Y = 
I'l 1-2 I ' l  
The cow equations are absorbed into the herd, group and 
fixed effects equations and the following equations result: 
-1 
X'X X'H X'G - X'D 
H'X H'H+RQ"^ H'G H'D 
G'X G'H G'G+RP"^ G'D 
^D'D + RS'lj 
D'X D'H D'G I 
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a X'Y - X'D 
H'Y H'D 
G'Y G'D 
D'D + RS 1 •' 1 D'y 
"11 
'21 
31 
'12 
^22 
^32 
'13 
'23 
'33 
where A 11 
b s 
^4 
h CM 
<
 
g >
 
W
 
«
k 
1 
-
RS"^ D'X 
N 
N, -E 11.A 
t  N.i.a+RS 
-z  Nll.&N21.A 
l  N.^.^+RS 
=T 
-Z ^21*A^ll-Jl 
S.  N . i ,a+RS 
=r N. 
N 
—E 21'A 
I  N. i , a+RS 
-Z ^il.Jl^ll'A 
£ N. i , a+RS 
-S 
Nil.&N2i.A 
A N. i . t+RS 
=r 
Aj^2 " X'H - X*D (D'D + RS"1)"1 D'H 
j, ^ll.z"il»& 
» N. 1.*+RS-1 
"21.A^il.& 
i  N. i.%+RS 
=r 
z 
A N. i , a+RS 
=r 
-z *11-1".1.1 
'11 
I  N.l.t+RS 
_r ^21.£^.1.A 
"il..-? 
"il .t".l • t 
"-1 .1+*S 
-1 
'13 X'G - X'D (D'D RS~ ) 
-lt-1 D'G 
»iii 
I  N. i . t+RS 
=T ^112 
Nll.&H.12& 
• I  N.i.i+RS 
Nllk -Z 
^ll'A^'lkA 
I  N. i , a+RS 
=T 
^211 
N21.AN.1iA 
A N.i.a+RS 
=Y ^212 "Z 
^21.4^.124 
A N. i , a+RS 
=T N21k 
N2i.AN.lkA 
A N.i,*+RS 
=r 
Niii--: 
Nil.AN.llA 
A N.i.a+RS 
=r *112.-: 
Nil.AN.12A 
A N.i.a+RS 
=r Nilk 
Nil.AN.lkA 
& N. i . t+RS 
=r 
A 
00 
X'Y - X'D (D'D + RS~^)"^ D'Y 
^11.1*.l'A Y —r Y —r Hil.&*.l.& 
N.l.l+RS-l z- - I N.1.*+*S-1 *• i*  X... % N.i.i+Rs-1 
(H'H + RQ~^) - H'D (D'D + RS"^)"^ D'H 
2 
N , + RQ"^ - E 
• 1 • • 
N. l'A 
I  N. i . i+RS 
H'G - H'D (D'D + RS"^)"^ D'G 
*.11 
H'i'&*'ii& 
I  N. i . i+RS 
=T N.12 
N'l'&N.i2A 
I  N. i , a+RS 
=T H'lk 
N.i.aN.iki 
A N.^ j^+RS 
=T 
H'Y - H'D (D'D + RS~^)"^ D" 
- Z 
N'l.**.!.& 
I  N. i . i+RS 
=1 
(G'G + RP~^) - G'D (D'D + RS"^)~^ D'l 
N lit 
I  N. i . a+RS 
=r 
-z 
I  N. i . t+RS 
=T 
-Z 
£ N. i . a+RS 
=r 
-E 
A N. i . t+RS 
W.12.+*P"^-C 
N 12* 
iN.i. a+Rs 
=T 
-z 
^•12A^-lka 
A N. i . a+RS 
=r 
-E 
A N. i . a+RS 
•E 
& 
^•12£^'lk£ 
N 
N Ik A 
*N. i.*+Rs 
34 G'Y - G'D (D'D + RS"^)"^ D'Y 
^.11 
H N.i,a+RS -T: *.12.-: 
N.12A*'1.A 
A N. i . a+RS 
=r T.ik 
I  N. i . a+RS 
-=! 
51 
These confutations are relatively easy as the matrices 
are built up algebraically as the data are read in 
sequentially by cows within herds. The next step is to 
absorb the group equations using a matrix absorption. The 
confutations are: 
-> *11 
CM 
-
*13 
*21 *22 *23 
33 
-1 
31 32 b 
h 
*14 
-
*13 *33 [*34 
*24 *23 
^1* 
*21* 
*12* 
*22* 
0 
0 
0 0 
b 
h 
0 
*14* 
*24* 
where 
*12* 
= *11 - * 13 
*12 " *13 
*14* 
*22* 
*24* 
= *14 - * 13 
*22 " *23 
*24 ~ *23 
33 
33 
33 
33 
33 
31 
32 
34 
32 
34 
The matrix is the G'G segment of the left hand sides 
which has been corrected for the cow effects. Before A^^ is 
inverted the diagonal of A^^ is augmented by the ratio of 
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error to group variances. The augmentation eliminates any 
rank deficiency so that no restriction on the group equations 
are required to obtain an unique inverse. The rank of 
is equal to the number of contemporary groups within the 
herd. Therefore during the buildup of the left hand sides 
and the right hand sides, there is a matrix inversion for 
every herd, and the size of the matrix depends upon the 
number of contemporary groups within each herd. 
%e final step is to absorb the herd equation into the 
fixed effect equations. Each herd can be absorbed after 
cows and groups are absorbed. The resulting fixed effect 
equations are: 
A^i** 0 0 
^4" 
» J 
where 
^14** = *14* - *12* <*22*'"^ *24* 
The matrices A^^*, A^g*, A^^*, Agg* and Ag^* are the X'X, 
X'H, X'Y, H'H and H'Y segments of the left and right hand 
sides of the equations which have been corrected for the 
cow and group effects. The element augmented by the 
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ratio of error to herd variances before the inversion. ^22* 
is a scalar value because the equations for the fixed effects 
are accumulated one herd at a time. The new submatrices of 
and A^j** are kept for accumulating information from 
herd to herd. Processing data from a new herd is done in a 
similar manner as done in the previous herd. The appropriate 
arrays are zeroed out before processing the next herd begins. 
A check on the accuracy of the absorption is that the 
coefficient matrix will sum to zero by row or column and that 
the sum of the right hand sides will be zero. These 
characteristics are true only if the absorbed effect is not 
augmented. 
There are two common methods to obtain solutions to a 
set of equations. The most desirable method is to obtain 
solutions by the direct inverse. However, computer time and 
core required to directly invert a matrix increases 
geometrically as the matrix size increases. Iteration is 
another method to obtain solutions for large matrices which 
is relatively easy and efficient. Most equations in animal 
breeding models are diagonally dominant and their right 
heind sides sum to zero. These two characteristics make 
iteration very efficient. 
A direct inverse is used to solve the equations as the 
size of the coefficient matrix (A^^**) is 38 by 38. Since 
the normal equations are not indépendant, the restrictions 
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that 2a. « Em. = £s. = Z (am). . « 2(am). . = Z(as).. = 
i 1 j 3 K i 1] j i 
Z (as)j^3ç = 2(ins)jj^ = Z(ms)jj^ = 0 are imposed on The 
k ] k 
number of parameters to be estimated for each class are 
reduced to the number of degrees of freedom. 
Best linear unbiased estimates (BLUE) of the constants 
remaining after the restrictions are obtained from 
b = (A^^**) 
and the reduction in sum of squares due to the fixed effects 
is 
b' A^,** = R(w, f / r) . 
The reduction in sum of squares due to the random effects is 
Y'D (D'D + RS"1)"1 D'Y + A^^' (A^^)"^ A^^ 
+ Ag**' (*22*)"^ ^24* = R(r) 
These random sum of squares are sequential and are not 
adjusted for the fixed effects. 
The error sum of squares is computed from 
Y'Y - R(u, f / r) - R(r) = Y'Y - R(y, f ,  r) 
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and the sura of squares for each of the sets of effects, A, 
M, S, AM, AS, and MS is computed from the general formula 
S-S-(i) = ^ 
^ th 
where is a vector of the constant estimates for the i 
set; is the inverse of the square symmetrical segment of 
the inverse of A^^**. 
The standard errors of the constants and the means 
are computed from linear functions of the inverse elements 
and the standard deviation for error as outlined by Harvey 
(1975) . 
The analysis is computed within six regions because an 
overall analysis including the region effects and the 
appropriate region interactions would require too much 
computer core. The right hand sides (RHS) and the left hand 
sides (LHS) for each region are stored on disk. Then after 
each regional analysis is completed, the RHS and LHS for a 
pooled analysis or overall analysis of all of the data 
across regions ignoring regional effects. 
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RESULTS AND DISCUSSION 
Analysis of Variance 
The initial analysis of the data is the calculation of 
the variance components of the random effects to be used 
in the mixed model analyses. This analysis considered the 
herd, group and cow effects as random and the data are not 
adjusted for the fixed effects. The analysis was performed 
on a segment of the data which included 79,920 records. 
The k~values and the expected mean squares from the analysis 
were: 
herds = + 1.97 + 2.58 al + 169 a? , 
e c g h 
groups:herds = af + 0.873 + 18.76 , 
^ e c g 
2 2 2 
COWS:herds = a + 2.05 + 0.697 a , 
e c g 
error = . 
e 
The k-values indicate that there aure approximately 2.05 
records per cow, 18,76 records per contemporary group and 
169 records per herd. The components from this analysis are 
1615, 1731, 1371 and 3556 for the herd, group, cow and error 
variance components respectively. The ratio of error to 
herd variance is 2.2, of error to group variance is 3.2 and 
of error to cow variance is 2.6. These ratios were used to 
augment the diagonals of the random effects in the mixed 
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model analyses. Schaeffer and Wilton (1974a) stated that 
the estimates of the variance components are not practically 
important on the resulting solutions of BLUP procedures but 
that the important consequence is the change in standard 
errors and prediction errors of the fixed and randan effect 
solutions. 
The analyses of variance for the different regions are 
given in Tables 7 to 12 and Table 13 contains the overall 
analysis of variance. The factors management, sex and age 
of dam are statistically significant sources of variation 
(P < 0.005) for each region and for the overall analysis. 
In the overall analysis of variance the three two factor 
interactions, management by sex, management by age of dam 
and sex by age of dam are statistically significant sources 
of variation (P < 0.005). These large significance values 
are a result of the large numbers involved. The interaction 
of management by sex, sex by age of daun and management by 
age of dam have P-values of 194, 25 and 16, respectively, 
for the overall analysis. Thus, these interactions are 
important influences upon weaning weights. In the regional 
analyses, the management by sex interaction is a statistically 
significant source of variation (P < 0.005) in five of the 
six regions. The sex by age of dam and the management by 
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Table 7. Analysis of variance for weaning weights in the 
Northeast (12,855 records) 
Source d.f. Sum of Squares Mean Square F-Value 
herd® 90 735766 
groups;herd® 928 10532939 
cows;herd® 7665 14459134 
management (M) 1 218192 218192 43.5*** 
sex (S) 1 1645640 1645640 327.8*** 
age of dam (A) 5 869298 173860 34.6*** 
MS 1 59604 59604 11.9*** 
MA 5 7274 1455 0.3 
SA 5 20473 4095 0.8 
error 4153 20848707 5020 
R-square = 0.58 
^Calculated sum of squares are sequential. 
***(? < 0.005) 
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Table 8. Analysis of variance for weaning weights in the 
Southeast (36,890 records) 
Source d.f. Sum of Squares Mean Square F-Value 
herd* 289 5119752 
groups :herd a 2529 59257150 
cows; herd* 21073 62634328 
management (M) 1 1267037 1267037 285 .5** 
sex (S) 1 5967838 5967838 1344 .9** 
age of dam (A) 5 4067642 813528 183 .3#* 
MS 1 55781 55781 12 .6** 
MA 5 92058 18412 4 .1** 
SA 5 127982 25596 5 .8** 
error 12980 57597672 4437 
R-square =0.71 
^Calculated sum of squares are sequential. 
***(P < 0.005) 
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Table 9. Analysis of variance for weaning weights in the 
Midwest (84,385 records) 
Source d.f. Sum of Squares Mean Square F-Value 
herd* 628 7446767 
groups :herd a 4948 108060764 
cows:herd* 44039 129459071 
management (M) 1 2291846 2291846 547.7*** 
sex (S) 1 19788722 19788722 4729.2*** 
age of dam (A) 5 9697605 1939521 463.5*** 
MS 1 211484 211484 50.5*** 
MA 5 191368 38274 9.1*** 
SA 5 139538 27908 6.7*** 
error 34751 145412525 4184 
R-square = 0.66 
^Calculated sum of squares are sequential. 
***(P < 0.005) 
61 
Table 10. Analysis of variance for weaning weights in the 
Southwest (51,667 records) 
Source d.f. Sum of Squares Mean Square P-Value 
herd* 219 4410475 
groups:herd* 2794 69312054 
cows :herd* 25805 91864889 
management (M) 1 259743 259743 70.1*** 
sex (S) 1 7808669 7808669 2108.1*** 
age of dam (A) 5 5020444 1004089 271.1*** 
MS 1 101779 101779 27.5*** 
MA 5 58935 11787 3.2** 
SA 5 60897 12179 3.3** 
error 22830 84563550 3704 
R-square = 0.68 
^Calculated sum of squares are sequential. 
**(P < 0.01) 
***(? < 0.005) 
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Table 11. Analysis of variance for weaning weights in the 
Great Plains (140,664 records) 
Source d.f. Sum of Squares Mean Square P-Value 
herd* 544 5346742 
groups:herd* 3913 158841058 
cows:herd* 69566 188050602 
management (M) 1 432271 432271 133.9*** 
sex (S) 1 20975229 20975229 6498.0*** 
age of dam (A) 5 13573586 2714717 841.0*** 
MS 1 183237 183237 56.8*** 
MA 5 43943 8789 2.7* 
SA 5 133240 26648 8.3*** 
error 66622 215053583 3228 
R-square = 0.65 
^Calculated sum of squares are sequential. 
*(P < 0.05) 
***(P < 0.005) 
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Table 12. Analysis of variance for weaning weights in the 
Pacific (31,776 records) 
Source d.f. Sum of Squares Mean Square F-Value 
herd* 219 1957587 
groups;herd* 1696 41198957 
cows:herd* 16993 47021242 
management (H) 1 121196 121196 31.1*** 
sex (S) 1 4024603 4024603 1032.1*** 
age of dam (A) 5 1827988 365598 93.8*** 
MS 1 4950 4950 1.3 
MA 5 7272 1454 0.4 
SA 5 63699 12740 3.3** 
error 12849 50103031 3899 
R-square = 0.67 
^Calculated sum of squares are sequential. 
**(P < 0.01) 
***(P < 0.005) 
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Table 13. Overall analysis of variance for weaning 
weights (358,237 records) 
Source d.f. Sum of Squares Mean Square P-Value 
herd* 1994 25017089 
groups:herd a 16808 447202921 
cows:herd a 185141 533489265 
management (M) 1 4007291 4007291 1074.9#** 
sex (S) 1 67049960 67049960 17985.1*** 
age of dam (A) 5 37359192 7471838 2004.2*** 
MS 1 724936 724936 194.5*** 
MA 5 303811 60762 16.3*** 
SA 5 464136 92827 24.9*** 
error 154275 575149957 3728 
R-square « 0.66 
^Calculated sum of squares are sequential. 
***(P < 0.005) 
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age of dam interactions were statistically significant 
sources of variation (P < 0.005) in three out of six and 
two out of six regions respectively. From Table 1, the 
analysis of variance revealed that age of dam does not 
interact with management or sex in the Northeast region. 
From Table 12, the analysis of variance reveals that 
management does not interact with sex or age of deum in the 
Pacific region. 
Management, sex and age of dcun are important sources of 
variation. The interactions between management and sex and 
between sex and age of dam are also important sources of 
variation and the interaction between management and age of 
dam may be of some importance. 
The best linear unbiased estimates (BLUE) of the overall 
means are listed in Table 14. The overall BLUE weaning 
weight mean is 433 pounds pooled over the six regions for 
358,237 records. The Northeast and the Pacific regions have 
the highest means of 439 and 442 pounds respectively. This 
indicates that there is a high degree of management in 
these two areas and that the cows are well-cared for and the 
higher means are a result. In contrast to this, the weaning 
weight mean of the Southeast region is much lower at 422 
pounds indicating that the cows in the Southeast region may 
be faced with more adverse conditions. The overall means 
for the Midwest, Southwest and the Great Plains regions are 
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Table 14. BLUE of overall means by region 
Region N* EM® MSE® 
Northeast 12,855 438.9 2.5 
Southeast 36,890 422.1 1.4 
Midwest 84,385 430.5 0.9 
Southwest 51,667 432.1 1.2 
Great Plains 140,664 435.4 0.9 
Pacific 31,776 441.5 1.7 
Overall 358,237 433.0 0.5 
= number of records; EM = estimated mean; 
MSE = standard error of estimated mean. 
431, 432 and 435 pounds respectively. 
Management 
Management represents the influence of noncreep (m^) or 
creep (m^) feeding. The best linear unbiased estimates 
(BLUE) of the constants and means for each region are given 
in Table 15. The number of observations per subclass are 
also given in Table 15 and these numbers are indicative of 
one of the major differences between the six regions. Over 
all regions, there is a 25 pound increase for calves that 
are creep fed and the creep fed calves represent 32 percent 
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Table 15. BLUE of constants and means for management by 
region 
Region Item EC^ CSE* EM® MSE* 
Northeast 
noncreep (mi) 6,623 -13.6 2.06 425.3 3.08 
creep (mg) 6,232 13.6 2.06 452.4 3.31 
Southeast 
noncreep (mi) 25,504 -19.8 1.17 402.3 1.56 
creep (mg) 11,386 19.8 1.17 441.9 2.02 
Midwest 
noncreep (mi) 39,205 -17.1 0.73 413.4 1.18 
creep (m^) 45,180 17.1 0.73 447.7 1.13 
Southwest 
noncreep (mx) 38,065 -8.4 1.01 423.7 1.26 
creep (my) 13,602 8.4 1.01 440.5 1.82 
Great Plains 
noncreep (mi) 107,463 -8.9 0.77 426.5 0.90 
creep (my) 33,201 8.9 0.77 444.3 1.43 
Pacific 
noncreep (m^) 27,206 -8.0 1.43 433.5 1.58 
creep (m2) 4,570 8.0 1.43 449.5 2.69 
Overall 
noncreep (mi) 244,066 -12.7 0.39 420.3 0.53 
creep (my) 114,171 12.7 0.39 445.8 0.67 
^These definitions are used in this and in the 
following tables: N = number of records; EC = estimate 
of constant; CSE - standard error of constant estimate; 
EM = estimate of mean and MSE = standard error of 
estimated mean. 
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of the total data. However, there are distinct regional 
differences. In the Northeast, the advantage for creep 
feeding is 27 pounds and in this area 48 percent of the 
calves are creep fed. In the Southeast, creep is fed to 
31 percent of the calves and there is a 40 pound adveuxtage 
for creep feeding. In contrast to this, the Midwest region, 
which has abundant feed resources, feeds creep to 54 per­
cent of the calves and the advantage for creep feeding is 
34 pounds. The Southwest creeps 26 percent of the calves 
and the advantage for creep feeding is 17 pounds. The Great 
Plains area with 140,664 records feeds creep to 24 percent 
of the calves with an advantage of 18 pounds for creep 
feeding. The Pacific region creep feeds only 14 percent of 
the calves with an advantage of 16 pounds for creep feeding. 
These results indicate that creep fed calves may be from 
16 to 40 pounds heavier at weaning than noncreep fed calves. 
As suggested in the Review of Literature, the effect of 
creep feeding varies considerably depending upon the cunount 
and quality of forage, the level of supplementation, the 
composition of the ration and the condition of the cows. Due 
to these factors, creep feeding does not have a specific 
adjustment and the effect may vary from one contemporary 
group to the next within a herd. Thus, the effect of 
management may be eliminated on a within contemporary group 
basis by managing all calves within that group alike. 
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Sex 
The BLUE constants and means for the sex effect given 
in Table 16 indicate that bulls are 43 pounds heavier than 
heifers for the overall analysis. This difference is 
statistically significant (P < 0.005) as indicated in the 
discussion of analysis of variance. This difference is very 
constant from region to region and ranges from a high of 
46 pounds in the Northeast to a low of 41 pounds in the 
Great Plains region. These sex differences are also free of 
any selection biases which might be due to selection for 
growth in males at the time of castration because all steer 
data is removed and any bull data that is confounded with 
the steer data is also removed. These differences are 
larger than those that have been reported by Lehmann et al. 
(1961), Bro%m (1960), Evans et al. (1955), Minyard and 
Dinkel (1960) and Brinks et al. (1961) between bulls and 
heifers with differences of 41, 33, 22 34 and 24 pounds, 
respectively. However, Warren et al. (1965), Swiger (1961), 
Cundiff et al. (1966a) and Rollins and Guilbert (1954) have 
reported larger differences of 43 to 68 pounds between 
bulls and heifers. The results of Evans et al. (1955) and 
Brinks et al. (1961) are from studies with the selection 
bias eliminated and they report differences of 22 and 24 
pounds between bulls and heifers respectively. The Brinks 
et al. (1961) study observed 180 day adjusted weaning weights. 
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Table 16. BLUE of constants and means for sex by region 
Region Item N EC CSE EM MSE 
Northeast 
heifers 
bulls 
Southeast 
heifers 
bulls 
Midwest 
heifers 
bulls 
Southwest 
heifers 
bulls 
Great Plains 
heifers 
bulls 
Pacific 
heifers 
bulls 
Overall 
heifers 
bulls 
Si 
32 
31 
32 
31 
32 
31 
32 
31 
32 
31 
32 
Si 
32 
10,324 
2,531 
27,020 
9,870 
56,919 
27,466 
34,301 
17,366 
92,789 
47,875 
21,946 
9,830 
243,299 
114,938 
22.8 
22 .8  
•21.7 
21.7 
•22.4 
22.4 
•20.5 
20.5 
•20.7 
20.7 
•22.5 
22.5 
•21.5 
21.5 
1.26 
1.26 
0.59 
0.59 
0.33 
0.33 
0.45 
0.45 
0.26  
0 .26  
0.70 
0.70 
0.16 
0.16 
416.1 
461.6 
400.4 
443.8 
408.0 
453.0 
411.7 
452.6 
414.7 
456.0 
419.1 
464.0 
411.5 
454.6 
2.30 
3.14 
1.36 
1.61 
0.90 
1.01 
1.22 
1.34 
0.93 
0.98 
1.73 
1.90 
0.47 
0.52 
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Thus, a difference of 43 pounds between bulls and heifers 
is a good estimate for all regions of the country and this 
estimate is free of any selection bias that often is present 
in this type of data. 
Age of Dam 
The BLUE constants and means obtained for age of dam 
for each region and for the overall analysis are given in 
Table 17. The constant estimates represent the average 
deviation in pounds of each age of dam group from the overall 
mean adjusted for differences due to sex, management, the 
interactions of sex by management, sex by age of dam, and 
management by age of dam, and for the random cow, contem­
porary group and herd effects. The cow effects, as discussed 
before, include the cow selection effects, also. The estimates 
of the means are interpreted as the average weaning weights 
for the various age of dam groups adjusted for the other 
effects. 
The age of dam effects are separated into six subclasses. 
The studies of Cundiff et al. (1966a), Sellers et al. (1970) 
and Schaeffer and Wilton (1974a) indicate that weaning 
weight increases with increasing age of dam until 6 or 7 
years of age and then as mature cows, production plateaus for 
3 to 4 years. After 10 years of age, there is a slight 
decline. They recommend that for practical purposes, age of 
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Table 17. BLUE of constants and means for age of dam by 
region 
Region Item® N EC CSE EM MSE 
Northeast »1 2,263 -24.1 2.11 414.8 3.15 
®2 2,002 -3.9 2.13 435.0 3.22 
®3 1,656 0.6 2.33 439.5 3.44 
®4 1,410 10.8 2.47 449.6 3.59 
®5 3,731 13.0 1.78 451.8 2.89 
®6 1,793 3.6 2.44 442.5 3.51 
Southeast ®1 6,450 -30.8 1.13 391.3 1.74 
®2 5,820 -6.9 1.12 415.2 1.76 
«3 4,976 5.2 1.21 427.3 1.85 
®4 4,237 10.2 1.28 432.3 1.93 
®5 10,586 14.4 0.93 436.5 1.59 
»6 4,821 7.8 1.32 429.9 1.93 
Midwest ®1 15,387 -27.4 0.64 403.1 1.08 
®2 12,992 -6.2 0.65 424.3 1.10 
®3 11,123 4.4 0.68 435.0 1.14 
*4 9,368 11.1 0.73 441.7 1.18 
^a^ = 22 to 35 mo. 
a2 = 36 to 47 mo. 
ag = 48 to 59 mo. 
a4 = 60 to 71 mo. 
as « 72 to 119 mo. 
ag = 120 to 224 mo. 
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Table 17. (continued) 
Region Item N EC CSE EM MSB 
23,999 13.4 0.53 444.0 1.01 
^6 11,516 4.7 0.76 435.2 1.19 
Southwest 
^1 
8,760 -28.3 0.88 403.9 1.45 
^2 
8,060 -7.0 0.86 425.2 ' 1.46 
^3 
7,175 5.3 0.88 437.4 1.50 
6,202 11.4 0.95 443.5 1.56 
^5 
15,254 13.9 0.71 446.0 1.36 
6,216 4.7 1.08 436.8 1.66 
Great Plains 26,565 -27.5 0.48 407.9 1.01 
22,129 -6.5 0.50 428.9 1.04 
18,974 6.3 0.53 441.6 1.07 
16,250 11.5 0.57 446.9 1.10 
^5 40,768 13.2 0.41 448.6 0.99 
15,978 3.0 0.62 438.4 1.13 
Pacific 
^1 5,568 -26.7 1.37 414.9 2.10 
»2 5,094 -5.2 1.38 436.3 2.15 
^3 4,505 5.5 1.50 447.0 2.26 
»4 3,774 11.0 1.58 452.5 2.36 
^5 9,127 11.6 1.14 453.1 1.96 
*6 3,708 3.8 1.70 445.4 2.46 
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Table 17. (continued) 
Region Item N EC CSE EM MSB 
Overall a^^ 64,993 -27.5 0.31 405.6 0.55 
ag 56,097 -6.2 0.31 426.8 0.56 
ag 48,409 5.2 0.33 438.3 0.58 
a^ 41,241 11.0 0.35 444.1 0.60 
ag 103,465 13.2 0.26 446.3 0.52 
ag 44,032 4.2 0.38 437.2 0.61 
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dam could be separated into five or six subclasses. There 
would be a subclass for each of the 2, 3, 4 and maybe 5 year 
old cows. The next subclass would be for mature cows from 
6 to 10 years of age and the final subclass would be for 
aged cows over 10 years of age. This subclass separation 
was used and they are coded as follows : 
2 year old - 22 to 35 mo. (a^) 
3 year old - 36 to 47 mo. (ag) 
4 year old - 48 to 59 mo. (a^) 
5 year old - 60 to 71 mo. (a^) 
mature cow - 72 to 119 mo. (a^) 
aged cow - 120 to 224 mo. (a^) 
Lush and Shrode (1950) have shown that age of dam 
corrections may be biased when computed by comparing averages 
of records made at each age of dam. However, Koch and 
Clark (1955) and Marlowe et al. (1965) indicate that the 
magnitude of this bias is very small. This problem is 
circumvented by removing the selection effect among cows with 
the cow effect which is removed by absorption. 
The overall analysis of variance of Table 13 indicates 
that age of dam is statistically significant (P < 0.005). 
A summary of the constant estimates of age of dam for each 
region is given in Table 18. The values shown in Table 18 
represent deviations of the constant estimates for each age 
of dam within regions from the constant estimates of the 
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Table 18. Absolute deviations of BLUE age of dam means 
from mature cow base (a^) 
Region 
Age of Dam 
*1 *2 =3 ^4 ^5 ^6 
Northeast 37.0 16.8 12.3 2.2 0.0 9.3 
Southeast 45.2 21.3 9.2 4.2 0.0 6.6 
Midwest 40.9 19.7 9.0 2.3 0.0 8.8 
Southwest 42.1 20.8 8.6 2.5 0.0 9.2 
Great Plains 40.7 19.7 7.0 1.7 0.0 10.2 
Pacific 38.2 16.8 6.1 0.6 0.0 7.7 
Overall 40.7 19.5 8.0 2.2 0.0 9.1 
mature cows (a^). From the overall analysis, weaning weights 
increase 41 pounds as dams increase in age from 22 months to 
72 months or from 2 year old cows to mature cows (6 to 9 
year old cows). As cows get older than 10 years of age there 
is an average decline of 9 pounds in weaning weights. From 
the overall analysis, the deviations are 41, 20, 8, 2, 0 and 
9 pounds for the 2 year old, 3 year old, 4 year old, 5 year 
old, mature and aged cows respectively from the mature cows. 
In the Northeast region the deviations are 37, 17, 12, 2, 
0 emd 9 pounds for the 2 year old, 3 year old, 4 year old, 
5 year old, mature and aged cows respectively from the mature 
cows. These deviations indicate that 2 and 3 year old cows 
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are subject to a good environment and thus produce calves 
that deviate less from the mature cow base. In the South­
east, the deviations are 45, 21, 9, 2, 0 and 7 pounds for 
the 2 year old, 3 year old, 4 year old, 5 year old, mature 
and aged cows respectively from the mature cows. In contrast 
to the Northeast, these Southeast deviations indicate that 
the 2 and 3 year old cows are subject to a more severe 
environment and produce calves that deviate more from the 
mature cow base. The calves from the 2 year old cows in the 
Northeast are 4 pounds heavier and in the Southeast are 4 
pounds lighter than the average of all calves from 2 year old 
cows. This is an absolute difference of 8 pounds between 
2 year old cows in the Northeast and Southeast regions. In 
the Midwest, the deviations are 41, 20, 9, 4, 0 and 9 pounds 
for the 2 year old, 3 year old, 4 year old, 5 year old, 
mature and aged cows respectively from the mature cows. 
These deviations are very similar to the overall deviations. 
In the Southwest, the deviations are 42, 21, 9, 3, 0 and 9 
pounds for the 2 year old, 3 year old, 4 year old, 5 year 
old, mature and aged cows respectively from the mature cows. 
These deviations are also very similar to the overall 
deviations, but there is a small indication that 2 and 3 year 
old cows are subject to a less favorable environment and so 
their calves deviate a little more from the mature cow 
base. In the Great Plains, the deviations are 41, 20, 6, 1, 
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0 and 8 pounds for the 2 year old, 3 year old, 4 year old, 
5 year old, mature and aged cows respectively from the 
mature cows. These deviations are quite similar to the over­
all deviations. In the Pacific, the deviations are 38, 20, 
8, 2, 0 and 9 pounds for the 2 year old, 3 year old, 4 year 
old, 5 year old, mature and aged cows respectively from the 
mature cows. The Pacific is similar to the Northeast in 
that the 2 year old cows of the Pacific also have a more 
favorable environment than the average 2 year old cows 
and thus produce heavier calves that deviate less from the 
mature cow base. 
These results indicate that the decline in production of 
aged cows is very similar from region to region and that the 
decline is not greater in such regions as the more arid 
Southwest as was indicated by Cundiff et al. (1966a). The 
estimates for the other ages of deun are also very similar 
across regions with the largest deviations occurring in 
the 2 year old subclass. In the 2 year old subclass from 
the Northeast and the Southeast the deviation is 4 pounds 
on each side of the overall 2 year old constant. The 95 
percent confidence interval between the Northeast and the 
overall constants overlap and the confidence interval 
between the Southeast and the overall constants do not over­
lap for the 2 year old cows. Due to the similar constant 
estimates, age of dam does not appear to be influenced by 
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region of country in a very significant manner. The more 
severe environment of the Southeast may be due to forage 
availability, climatological stresses due to heat and 
humidity or season of calving. 
These findings are similar in trend to the results of 
Cundiff et al. (1966a), Sellers et al. (1970) and others. 
In this study, weaning weight increases as age of dam 
increases from 2 to 6 years of age, then there is a plateau 
in production from 6 to 10 years of age and finally a decline 
in production after 10 years of age. 
Interactions 
Management by sex 
The BLUE interaction constants and means for management 
by sex are given in Table 19. Management represents non-
creep (m^) feeding and creep (m^) feeding. Table 20 lists 
the absolute deviations of the means between noncreep and 
creep fed calves for each sex within each region. From the 
overall analysis, bull calves that are creep fed deviate 
significantly more from their mean than those that are not 
creep fed. Bulls that are creep fed are 30 pounds heavier 
than bulls that are not creep fed and heifers that are creep 
fed are 21 pounds heavier than heifers that are not creep 
fed. This indicates that bulls have a greater nutritional 
need than heifers and this is probably due to hormone 
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Table 19. BLUE of constants and means for interaction of 
management by sex 
Region Item N EC CSE EM MSE 
Northeast ®1®1 4,821 4 ..2 1.22 406.7 3.05 
®1®2 1,802 -4 Jl 1.22 443.9 3.67 
5,503 -4 Jl 1.22 425.5 2.91 
*2=2 729 4.2 1.22 479.4 4.68 
Southeast *1=1 19,023 2 .03 0.57 382.7 1.53 
*1=2 6,481 -2 .03 0.57 421.9 1.86 
*2=1 7,997 -2 .03 0.57 418.2 2.01 
*2=2 3,389 2.03 0.57 465.6 2.42 
Midwest *1=1 27,402 2.23 0.31 393.1 1.18 
*1=2 11,803 -2 -23 0.31 433.7 1.37 
*2=1 29,517 -2.23 0.31 422.9 1.14 
*2=2 15,663 2-23 0.31 472.4 1.27 
Southwest *1=1 25,168 2.27 0.43 405.5 1.29 
*1=2 12,897 -2.27 0.43 441.9 1.39 
*2=1 9,133 -2 ,27 0.43 417.8 1.85 
*2=2 4,469 2 .27 0.43 463.3 2.08 
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Table 19. (continued) 
Region Item N EC CSE EM MSE 
Great Plains ™1®1 71,036 1.87 0.25 407.7 0.91 
®1®2 36,427 -1.87 0.25 445.3 0.96 
®2®1 21,753 -1.87 0.25 421.7 1.45 
*2^2 11,448 1.87 0.25 466.8 1.55 
Pacific miSi 19,177 0.77 0.68 411.9 1.60 
"l®2 8,029 -0.77 0.68 455.2 1.77 
*2=1 2,769 -0.77 0.68 426.3 2.82 
"2® 2 1,801 0.77 0.68 472.7 3.10 
Overall 
"^1®1 166,627 2.16 0.16 401.0 0.53 
*1=2 77,439 -2.16 0.16 439.7 0.59 
*2=1 76,672 -2.16 0.16 422.1 0.68 
*2=2 37,499 2.16 0.16 469.5 0.76 
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Table 20. Absolute deviations of BLUE management means 
from creep fed base within sex 
Sex 
Region Heifers Bulls 
Northeast 18.8 35.5 
Southeast 35.5 43.6 
Midwest 29.8 38.7 
Southwest 12.3 21.4 
Great Plains 14.0 21.5 
Pacific 14.4 17.5 
Overall 21.1 29.8 
differences between sexes which give the bulls more growth 
potential. The interaction is similar over all regions in 
that the creep fed bulls always deviate more than creep fed 
heifers from the noncreep fed group. In the Northeast, 
creep feeding is more important for bull calves than for 
heifer calves as there is a 36 pound advantage for creep 
feeding bulls and a 19 pound advantage for creep feeding 
heifers. In the Southeast, creep feeding is very beneficial 
for both sexes as there are 44 and 36 pound advantages for 
creep feeding bulls and heifers respectively. In the 
Midwest, the differences are 39 and 30 pounds for bulls and 
heifers respectively. %is indicates that creep feeding is 
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very beneficial for both sexes in the Midwest, and may indicate 
that the type of creep is of high quality and probably has a 
high energy density because the Midwest has an abundance of 
corn. The Great Plains and Pacific regions show lesser 
advantages for creep feeding with differences of 22 and 14 
pounds and 18 and 14 pounds respectively for bulls and 
heifers. 
This type of interaction agrees with Cundiff et al. 
(1966a) and Marlowe (1962). An adjustment is needed for tjie 
interaction, however, and the magnitude of the adjustment is 
dependent upon the creep feed. As discussed previously, 
creep feeding varies considerably and the influence of creep 
upon the interaction of management by sex will also be 
variable depending upon the creep feed availcUale. 
Management by age of dam 
The overall analysis of variance from Table 13 indicates 
that the interaction of management by age of dam is 
statistically significant (P < 0.005). However, this inter­
action appears to be the least significant of the three 
because tUie F-value is the smallest and significance may be 
attributed to the large numbers involved. The BLUE inter­
action constants and means for management by age of deun are 
given in Table 21. The absolute deviations of the means of 
the age of dam subclasses from the mature age of dam 
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Table 21. BLUE of constants and means for interaction of 
management by age of dam 
Region Item N EC CSE EM MSE 
Northeast 
Southeast 
*1*1 1,153 0.22 1.74 401.4 3.90 
*1*2 1,058 0.78 1.75 422.2 3.97 
*1*3 865 -1.76 1.87 424.2 4.21 
*1*4 739 -0.86 2.02 435.2 4.34 
*1*5 1,839 0.83 1.41 439.1 3.62 
*1*6 969 0.79 1.93 429.7 4.22 
*2*1 1,110 -0.22 1.74 428.1 4.29 
*2*2 944 -0.78 1.75 447.8 4.41 
*2*3 791 1.76 1.87 454.8 4.69 
*2*4 671 0.86 2.02 464.0 4.97 
*2*5 1,892 -0.83 1.42 464.6 3.86 
*2*6 824 -0.79 1.93 455.2 4.80 
*1*1 4,290 -3.43 1.03 368.1 2.00 
*1*2 3,997 -1.68 1.03 393.8 1.99 
*1*3 3,520 0.56 1.10 408.1 2.06 
*1*4 3,008 2.16 1.17 414.7 2.12 
*1*5 7,356 2.40 0.84 419.2 1.80 
*1*6 3,333 -0.01 1.17 410.1 2.17 
*2*1 2,160 3.43 1.03 414.5 2.60 
*2*2 1,823 1.68 1.03 436.7 2.65 
*2*3 1,456 -0.56 1.10 446.5 2.81 
85 
Table 21. (continued) 
Region Item N EC CS£ EM MSE 
Midwest 
Southwest 
*2*4 1,229 -2.16 1.17 450.0 2.95 
*2*5 3,230 -2.40 0.84 453.9 2.38 
*2*6 1,488 0.01 1.18 449.7 2.90 
*1*1 7,139 -2.95 0.60 383.0 1.47 
*1*2 6,215 -2.02 0.61 405.2 1.49 
*1*3 5,166 0.43 0.64 418.3 1.55 
*1*4 4,439 1.50 0.69 426.1 1.62 
*1*5 11,304 1.88 0.50 428.7 1.36 
*1*6 4,942 1.16 0.69 419.2 1.64 
*2*1 8,248 2.95 0.60 423.2 1.37 
*2*2 6,777 2.02 0.61 443.5 1.41 
*2*3 5,957 -0.43 0.64 451.7 1.45 
*2*4 4,929 -1.50 0.69 457.3 1.52 
*2*5 12,695 -1.88 0.50 459.2 1.28 
*2*6 6,574 -1.16 0.69 451.1 1.49 
*1*1 6,321 -3.04 0.83 392.4 1.53 
*1*2 5,818 0.82 0.82 417.5 1.54 
*1*3 5,240 0.25 0.85 429.3 1.57 
*1*4 4,576 0.42 0.92 435.5 1.62 
*1*5 11,433 1.31 0.68 438.9 1.41 
*1*6 4,677 0.25 1.01 428.6 1.70 
86 
Table 21. (continued) 
Region Item N EC CSE EM MSE 
*2*1 2,439 3.04 0.83 415.3 2.26 
*2*2 2,242 -0.82 0.82 432.8 2.28 
*2*3 1,935 -0.25 0.85 445.6 2.34 
*2*4 1,626 -0.42 0.92 451.5 2.47 
*2*5 3,821 -1.31 0.68 453.1 2.10 
*2*fi 1,539 -0.25 1.01 445.0 2.64 
Great Plains m^a^ 
Pacific 
*1*1 19,669 -1 .30 0.46 397.7 1.00 
*1*2 16,860 -0 .41 0.48 419.6 1.02 
*1*3 14,676 -0 .18 0.51 432.6 1.04 
*1*4 12,636 0 .60 0.55 438.6 1.06 
*1*5 31,598 0 .96 0.40 440.7 0.97 
*1*6 12,024 0 .33 0.58 429.8 1.11 
*2*1 6,896 1 .30 0.46 418.1 1.60 
*2*2 5,269 Û .41 0.48 438.2 1.66 
*2*3 4,298 0 .12 0.51 450.7 1.72 
*2*4 3,614 -0 . 0.55 455.1 1.77 
*2*5 9,170 -0 . 96 0.39 456.5 1.56 
*2*6 3,954 -Û .33 0.58 446.9 1.80 
*1*1 4,684 -0 .58 1.33 406.3 1.89 
*1*2 4,323 -0 .68 1.35 427.6 1.95 
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Table 21. (continued) 
Region Item N EC CSE EM HSE 
*1*3 3,911 -0.49 1.47 438.5 1.99 
*1*4 3,251 -0.42 1.56 444.1 2.09 
*1*5 7,856 1.27 1.12 446.4 1.78 
*1*6 3,181 0.90 1.62 438.3 2.12 
*2*1 884 0.58 1.33 423.4 3.52 
*2*2 771 0.68 1.35 444.9 3.61 
*2*3 594 0.49 1.47 455.5 3.85 
*2*4 523 0.42 1.56 460.9 4.02 
*2*5 1,271 -1.27 1.12 459.8 3.25 
*2*6 527 -0.90 1.62 452.4 4.19 
Overall 
*1*1 43,256 -2.11 0.29 390.8 0.62 
*1*2 38,271 -0.80 0.30 413.3 0.63 
*1*3 33,378 0.26 0.31 425.8 0.65 
*1*4 28,649 0.90 0.35 432.3 0.67 
*1*5 71,386 1.35 0.24 434.9 0.59 
*1*6 29,126 0.40 0.35 424.9 0.69 
*2*1 21,737 2.11 0.29 420.4 0.81 
*2*2 17,826 0.80 0.30 440.4 0.83 
*2*3 15,031 -0.26 0.31 450.7 0.87 
*2*4 12,592 -0.90 0.36 455.9 0.90 
*2*5 32,079 -1.35 0.24 457.6 0.76 
*2*6 14,906 -0.40 0.35 449.4 0.91 
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subclass for each management class within each region are 
listed in Table 22. The overall analysis indicates that 
creep feeding has a differential response upon the 2 and 3 
yeeur old cows. The 2 year old cows deviate 44 and 37 pounds 
and the 3 year old cows deviate 22 and 17 pounds from the 
mature cow base for the noncreep and creep regime 
respectively. The 2 and 3 year old cows are not physiologi­
cally mature and thus their milk production will be less 
than mature cows' milk production. So, creep feeding the 
calves from 2 and 3 year old cows helps to equalize the 
environment. Again, creep feeding is very variable and the 
influence of creep upon the interaction between management 
and age of dam is also variable. In the Northeast, there 
is no interaction between management and sex cis Table 21 
shows only small differences in the deviations of the age 
of dam subclass means from the mature cow base for creep and 
for noncreep. In the Southeast, the deviations are 51 and 
37 pounds for the 2 year old cows and 25 and 17 pounds for 
the 3 year old cows from the mature cow base for noncreep 
and creep feeding respectively. This indicates that creep 
feeding of calves from 2 and 3 year old cows is very 
important to help standardize the environment in the South­
east. In the Midwest, Southwest and Great Plains regions, 
the deviations are very similar to the overall deviations. 
In the Pacific, the deviations are smaller and are 40 and 
Table 22. Absolute deviations of BLUE age of dam means from mature cow base 
within management 
Age of Dam 
Region Management 
*1 *2 *3 ®4 ®5 ^6 
Northeast noncreep 37.7 16.9 14.9 3.9 0.0 9.4 
creep 36.5 16.8 9.8 0.6 0.0 9.4 
Southeast noncreep 51.1 25.4 11.1 4.5 0.0 9.1 
creep 39.4 17.2 7.4 3.9 0.0 4.2 
Midwest noncreep 45.7 23.5 10.4 2.6 0.0 9.5 
creep 36.0 15.7 7.5 1.9 0.0 8.1 
Southwest noncreep 46.5 21.4 9.6 3.4 0.0 10.3 
creep 37.8 20.3 7.5 1.6 0.0 8.1 
Great Plains noncreep 43.0 21.1 8.1 2.1 0.0 10.9 
creep 38.4 18.3 5.8 1.4 0.0 9.6 
Pacific noncreep 40.1 18.8 7.9 2.3 0.0 8.1 
creep 36.4 14.9 4.3 -1.1 0.0 7.4 
Overall noncreep 44.1 21.6 9.1 2.3 0.0 10.0 
creep 37.2 17.2 6.9 1.7 0.0 8.5 
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36 pounds for 2 year old cows and 19 and 15 pounds for 3 
year old cows from the mature cow base for noncreep and 
creep feeding respectively. These differences are not as 
large as the overall differences, but they indicate that the 
calves from 2 and 3 year old cows need creep to standardize 
the environments in the Pacific region. These results 
suggest that creep feeding of calves from 2 and 3 year old 
cows will help to standardize the environment between the 
cows of different ages in most regions of the country. 
This same trend was reported by Cundiff et al. (1966a), 
Marlowe and Gaines (1958) and Marlowe (1962). 
Sex by age of dam 
The interaction of sex by age of dam is a statistically 
significant (P < 0.005) interaction (Table 13). The BLUE 
interaction constants and means for the sex by age of dam 
interaction are given in Table 23. The absolute deviations 
of the means of the age of dam subclasses from the mature 
age of deua subclass for each sex within each region are 
listed in Table 24. The means from the overall analysis 
indicate that there is a differential response of age of 
dam depending on whether the sex of the calf is a bull or a 
heifer. This interaction of sex by age of dam is present 
in the 2 and 3 year old cows. From Table 24, the 2 year 
old cows deviate 37 and 45 pounds and the 3 year old cows 
91 
Table 23. BLUE of constants and means for interaction of 
sex by age of dam 
Region Item N EC CSE EH MSE 
Northeast 
Southeast 
*1*1 1,790 3.12 2.09 395.1 2.92 
Si*2 1,585 -1.30 2.13 410.9 2.98 
®1*3 1,329 1.76 2.34 418.5 3.12 
=1*4 1,127 1
 o
 
w
 
2.50 426.5 3.28 
®1*5 3,048 -1.86 1.75 427.2 2.67 
®1*6 1,445 -1.38 2.30 418.3 3.20 
=2*1 473 -3.12 2.09 434.4 4.74 
®2*2 417 1.30 2.13 459.1 4.88 
=2*3 327 -1.76 2.34 460.5 5.35 
®2*4 283 0.34 2.50 472.7 5.69 
= 2*5 683 1.86 1.75 476.5 4.13 
=2*6 348 1.38 2.30 466.6 5.36 
=1*1 4,708 5.23 1.04 374.8 1.76 
=1*2 4,237 0.21 1.05 393.8 1.80 
=1*3 3,701 -1.11 1.13 404.5 1.87 
=1*4 3,122 -2.06 1.19 408.6 1.95 
=1*5 7,761 -1.80 0.85 413.1 1.60 
=1*6 3,491 -0.47 1.15 407.8 1.98 
s 2*1 1,742 -5.23 1.04 407.7 2.38 
=2*2 1,583 -0.21 1.05 436.7 2.41 
=2*3 1,275 1.11 1.13 450.1 2.60 
92 
Table 23. (continued) 
Region Item N EC CSE EM MSE 
Midwest 
Southwest 
*2*4 1,115 2.06 1.19 456.1 2.73 
®2*5 2,825 1.80 0.85 460.0 2.06 
®2*6 1,330 0.47 1.15 452.0 2.65 
=1*1 10,432 3.25 0.61 383.9 1.12 
=1*2 8,772 0.26 0.64 402.1 1.16 
=1*3 7,507 -0.31 0.68 412.2 1.20 
=1*4 6,356 -1.51 0.72 417.7 1.26 
=1*5 16,197 -1.20 0.51 420.3 1.04 
=1*6 7,655 -0.50 0.67 412.2 1.26 
=2*1 4,955 -3.25 0.61 422.3 1.41 
=2*2 4,220 -0.26 0.64 446.5 1.45 
=2*3 3,616 0.31 0.68 457.8 1.52 
= 2*4 3,012 1.51 0.72 465.7 1.61 
s 2*5 7,802 1.20 0.51 467.6 1.24 
= 2*6 3,861 0.50 0.67 458.2 1.55 
=1*1 5,912 2.51 0.75 385.9 1.51 
=1*2 5,338 1.09 0.76 405.8 1.55 
=1*3 4,756 -0.40 0.79 416.6 1.58 
= 1*4 4,144 -1.38 0.84 421.7 1.65 
=1*5 10,076 -0.95 0.60 424.6 1.41 
= 1*6 4,075 -0.87 0.84 415.4 1.75 
=2*1 2,848 -2.51 0.75 421.8 1.85 
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Table 23. (continued) 
Region Item N EC CSE EM MSE 
Pacific 
=2*2 2,722 -1 .09 0 .76 444.5 1.84 
=2*3 2,419 0 .40 0 .79 458.3 1.91 
=2*4 2,058 1 .38 0 .84 465.4 2.02 
=2*5 5,178 0 .95 0 .60 467.5 1.61 
=2*6 2,141 0 .87 0 .84 458.1 2.08 
= 1*1 17,761 2 .50 0 .40 389.8 1.04 
=1*2 14,527 -0 .08 0 .42 408.1 1.08 
=1*3 12,656 -0 .51 0 .45 420.5 1.11 
= 1*4 10,782 -0 .70 0 .48 425.5 1.15 
=1*5 26,744 -0 .73 0 .33 427.2 1.01 
= 1*6 10,319 -0 .48 0 .48 417.2 1.18 
=2*1 8,804 -2 .50 0 .40 426.1 1.18 
=2*2 7,602 0 .08 0 .42 449.6 1.22 
= 2*3 6,318 0 .51 0 .45 462.8 1.26 
= 2*4 5,468 0 .70 0 .48 468.2 1.31 
=2*5 14,024 0 .73 0 .33 470.7 1.10 
= 2*6 5,569 0 .48 0 .48 459.5 1.34 
= 1*1 3,752 2 .52 0 .98 394.9 2.21 
=1*2 3,603 1 .64 1 .04 415.5 2.28 
=1*3 3,188 0 .09 1 .09 424.6 2.42 
= 1*4 2,712 -0 .09 1 .19 430.0 2.54 
=1*5 6,246 -2 .06 0 .81 428.6 2.07 
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Table 23. (continued) 
Region Item N EC CSE EM MSE 
=1*6 2,445 -2.10 1 .12 420 .8 2 .62 
= 2*1 1,816 -2.52 0 .98 434 .8 2 .58 
=2*2 1,491 -1.64 1 .04 457 .1 2 .68 
=2*3 1,317 -0.09 1 .09 469 .4 2 .80 
= 2*4 1,062 0.09 1 .19 475 .0 2 .95 
=2*5 2,881 2.06 0 .81 477 .6 2 .30 
=2*6 1,263 2.10 1 .12 469 .9 2 .99 
s 1*1 44,355 2.89 0 .28 386 .9 0 .57 
=1*2 38,062 0.31 0 .29 405 .6 0 .58 
= 1*3 33,137 -0.41 0 .31 416 .3 0 .60 
= 1*4 28,243 -1.03 0 .33 421 .5 0 .63 
=1*5 70,072 -1.08 0 .23 423 .7 0 .53 
=1*6 29,430 -0.68 0 .32 415 .0 0 .64 
=2*1 20,638 -2.89 0 .28 424 .2 0 .69 
= 2*2 18,035 -0.31 0 .29 448 .0 0 .71 
=2*3 15,272 0.41 0 .31 460 .2 0 .74 
= 2*4 12,998 1.03 0 .33 466 .7 0 .78 
=2*5 33,393 1.08 0 .23 468 .9 0 .62 
=2*6 14,602 0.68 0 .32 459 .4 0 .78 
Table 24. Absolute deviations of BLUE age of dam means from mature cow base 
within sex 
Age of Dam 
Region Sex ag a^ a^ a^ a^ 
Northeast heifers 32.1 16.3 8.7 0.7 0.0 8.9 
bulls 42.1 17.4 16.0 3.8 0.0 9.9 
Southeast heifers 38.3 19.3 8.6 4.5 0.0 5.3 
bulls 52.3 23.3 9.9 3.9 0.0 8.0 
Midwest heifers 36.4 18.2 8.1 2.6 0.0 8.1 
bulls 45.3 21.1 9.8 1.9 0.0 9.4 
Southwest heifers 38.7 18.8 8.0 2.9 0.0 9.2 
bulls 45.7 23.0 9.2 2.1 0.0 9.4 
Great Plains heifers 37.4 19.1 6.7 1.7 0.0 10.0 
bulls 44.6 21.1 7.9 2.5 0.0 11.2 
Pacific heifers 33.7 13.1 4.0 -1.4 0.0 7.8 
bulls 42.8 20.5 8.2 2.6 0.0 7.7 
Overall heifers 36.8 18.1 7.4 2.2 0.0 8.7 
bulls 44.7 20.9 8.7 2.2 0.0 9.5 
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deviate 18 and 21 pounds from the mature cow base of the 
overall analysis for the heifers and bulls respectively. 
As indicated before, 2 and 3 year old cows are not physio­
logically mature and thus produce less milk and bull calves 
have a greater growth potential and resulting nutritional 
need than heifer calves which is probably due to the hormone 
differences. These two factors interact and the 2 and 3 
year old cows can meet the nutritional needs of a heifer 
calf more adequately than the nutritional needs of a bull 
calf. There are only small differences in the other age 
of dam deviations for each sex and they are not considered 
important. In the Northeast, the 2 year old cows deviate 
32 and 42 pounds, the 3 year old cows deviate 16 and 17 
pounds and the 4 year old cows deviate 9 and 16 pounds from 
the mature cow base for the heifers and bulls respectively. 
The 2 year old cows show the same interaction as the overall 
analysis, the 3 year old cows show no interaction and the 
4 year old cows show a large interaction that is not present 
in the overall analysis. Part of this difference may be due 
to sampling error as the number of observations within the 
Northeast subclasses are smaller than any of the others. 
In the Southeast, the 2 year old cows deviate 38 and 52 
pounds and the 3 year old cows deviate 19 and 23 pounds from 
the mature cow base for the heifers and bulls respectively. 
These differences indicate taat a larger adjustment may be 
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appropriate in the Southeast. As discussed earlier, the 2 
and 3 year old cows of the Southeast probably are subject 
to a more severe environment than 2 and 3 year old cows in 
other parts of the country and reflect this in the lower 
weaning weights of their calves. In the Midwest, Southwest 
and Great Plains, the 2 year old cows deviate 36 and 45 
pounds, 39 and 46 pounds and 37 and 45 pounds and the 3 year 
old cows deviate 18 and 21 pounds, 19 and 23 pounds and 19 
and 21 pounds respectively from the mature cow base for the 
heifers and bulls respectively. These differences in the 
Midwest, Southwest and Great Plains are very similar to the 
overall results. In the Pacific, the 2 yeeir old cows deviate 
34 and 43 pounds and the 3 year old cows deviate 13 and 21 
pounds from the mature cow base for the heifers and bulls 
respectively. These differences are not quite as large as 
the overall differences but are of the same kind. 
These results indicate that there is a definite inter­
action between sex and age of dam in all regions of the U.S. 
which should be accounted for in weaning weights. This 
interaction occurs in the 2 and 3 year old cows due to the 
low milk producing ability of young cows and the dif­
ferential nutritional need of heifers and bulls. Pahnish 
et al. (1961), Sellers et al. (1970) and Schaeffer and 
Wilton (1974a) also report that the interaction of sex by 
age of dam is significant. 
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Correction factors 
In order for a breeder to assess the genetic differences 
between the individual animals within his herd, the environ­
mental differences need to be controlled. If most of the 
environmental differences are removed or controlled, then 
the remaining observable differences are more heritable. 
There are certain environmental differences that can not be 
controlled and need to be removed statistically. Some of 
these effects are sex, age of dam and the interaction of sex 
by age of dam. 
As discussed in the Review of Literature, an additive 
adjustment is appropriate when the variances are constant 
and only the means need to be equalized. A multiplicative 
adjustment changes both the mean and the variance. The 
means and standard deviations of the subclass groups adjusted 
by multiplicative and additive correction factors for the 
management, sex and age of dam effects are given in Table 25. 
For management, an additive adjustment equalizes the mean 
and the variance while a multiplicative adjustment for 
management increases the differences between the standard 
deviations of the two management subclasses from 2 to 6 
pounds. The proper adjustment would be a 25 pound additive 
adjustment for noncreep fed calves. However, a creep and 
noncreep environment can be easily controlled and is very 
variable from one contemporary group to another. Thus, an 
Table 25. Means and standard deviations for additive and multiplicative 
adjustments for management, sex and age of dam subclasses from 
overall analysis 
Additive Multiplicative 
Adj. Adj. Adj. Ad]. 
Effect Item N Factor mean S.D. Factor mean S.D. 
Management noncreep 244,066 25 446 69 1.06 446 73 
creep 114,171 0 446 67 1.00 446 67 
Sex heifers 243,299 43 455 62 1.10 455 68 
bulls 114,938 0 455 73 1.00 455 67 
Age of dam 2 yr. old 64,993 41 446 67 1.10 446 74 
3 yr. old 56,097 20 446 68 1.04 446 71 
4 yr. old 48,409 8 446 68 1.02 446 69 
5 yr. old 41,241 2 446 67 1.00 446 67 
6-9 yr. old 103,465 0 446 66 1.00 446 66 
10+ yr. old 44,032 9 446 68 1.02 446 69 
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adjustment for management differences is not recommended. 
For the sex effect, the standard deviations for bulls and 
heifers are not equal. When a multiplicative adjustment of 
1.10 is used the standard deviations of the observations in 
the two sexes are equalized. Thus, a multiplicative 
adjustment of 1.10 for female calves is recommended to adjust 
heifer calves to a bull base. For age of dam, the means 
and variances are equalized by an additive adjustment. With 
a multiplicative adjustment the standard deviations have a 
range of 8 pounds, whereas the range is only 2 pounds with 
an additive adjustment. These recommendations of a multi­
plicative adjustment for sex and an additive adjustment for 
age of dam agree with the studies of Koch et al. (1959), 
Brinks et al. (1961) and Cundiff et al. (1966b). Cundiff 
et al. (1966b) found that the multiplicative sex adjustment 
also accounts for the sex by creep interaction. However, 
in this study, the multiplicative sex correction does not 
remove the sex by management interaction. No recommendations 
are made to correct for the sex by management interaction 
because the management of creep feeding is so variable. 
The interaction of sex by age of dam is important and can be 
corrected for by adjusting age of dam within each sex. The 
appropriate corrections should be additive and are derived 
from the sex by age of dam interaction means of Table 23. 
The corrections are 45, 21, 9, 2, 0 and 9 pounds for bulls 
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and 37, 18, 7, 2, 0 and 9 pounds for heifers for the 2 year 
old, 3 year old, 4 year old, 5 year old, 6 to 9 year old and 
10 year and older cows respectively. The Beef Improvement 
Federation (BIF) also recommends a separate age of dam 
correction for each sex to account for the sex by age of 
dcun interaction (U.S.D.A. (1976)). The recommendations for 
the present study and the BIF recommendations for age of dam 
within sex are listed in Table 26. The BIF correction 
factors are larger for all ages. BIF recommends a 60 and 54 
pound correction for 2 year old cows and the present study 
recommends a 45 and 37 pound correction for 2 year old cows 
for heifers and bulls respectively. BIF correction factors 
are not breed specific. 
Therefore, the Angus breeders in the United States 
should use correction factors to adjust for sex, age of deim 
and the interaction of sex by age of dam. The additive 
correction of age of dam within sex from Table 26 should be 
applied first. Then a multiplicative sex adjustment should 
be applied and the resulting data will be corrected to a 
bull calf base from a mature cow. These corrections will 
equalize both the means and the variances. Creep management 
is very variable and should be equalized within the herd or 
contemporary group. 
Table 26. Comparison of additive age of dam correction factors within sex 
between the present study and the BIP recommendations 
Present Study BIP Recommendations 
Age of Dam Age Range Bull Heifer Age Range Bull Heifer 
2 yr. old 22 to 35 mo. 45 37 21 to 33 mo. 60 54 
3 yr. old 36 to 47 mo. 21 18 34 to 46 mo. 40 36 
4 yr. old 48 to 59 mo. 9 7 47 to 59 mo. 20 18 
5 yr. old 60 to 71 mo. 2 2 61 to 71 mo. 0 0 
6-9 yr . old 72 to 119 mo. 0 0 72 to 119 mo. 0 0 
10 yr. old 120 to 131 mo. 9 9 120 to 131 mo. 0 0 
11+ yr . old 132 to 224 mo. 9 9 132 to 20 18 
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SUMMARY 
The data used in this study are 358,237 weaning weight 
records from the American Angus Association adjusted to 205 
days of age. The data represent a 27 year period, 1950-1976, 
and represent 1995 herds from 48 states. The data are 
classified as to region of origin, sex, management, age of 
dam, herd, cows and contemporary groups. The data are 
analyzed by a mixed model which absorbs the random herd, 
cow and group effects and solutions are obtained for the 
fixed effects. 
The data are analyzed within six regions, the Northeast, 
Southeast, Midwest, Southwest, Great Plains and Pacific 
regions. Differences between regions are small and the 
results indicate that separate correction factors are not 
needed for each region. The results ol the overall analysis 
of variance indicate that management, sex, age of dam, 
interactions of management by sex, management by age of dam 
and sex by age of dam are statistically significant 
(P < 0.005). The best linear unbiased estimates of age of 
dam indicate that weaning weight increases 41 pounds as cows 
increase in age from 2 to 6 years of age. Production remains 
constant until the cows are 10 years of age and then declines 
9 pounds for the cows 10 years of age and older. The sex 
estimates indicate that bulls are 43 pounds heavier than 
heifers and the management estimates indicate that creep fed 
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calves are 25 pounds heavier than noncreep fed calves. 
However, the creep feeding effect is very variable. The 
sex by creep interaction indicates that bulls benefit more 
from creep feeding than do heifers. The management by age 
of dam interaction indicates that creep feeding of 2 and 3 
year old cows will help to equalize the environment between 
the cows of different ages in most regions of the country. 
The sex by age of dam interaction indicates that a separate 
correction for ages of dam within sex should be used. The 
sex by age of dam interaction occurs in 2 and 3 year old 
cows due to the low milk producing ability of young cows 
and the differential nutritional need of bulls emd heifers. 
Correction factors that would equalize both the means 
and the variances are recommended for sex and for age of 
dam. A multiplicative adjustment is recommended for sex 
and an additive adjustment is recommended to correct for age 
of dam differences within sex. A correction for creep 
feeding is not recommended because the creep effect is very 
variable. 
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